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RULES. 

ADOPTED  MAY,  1873.    AMENDED  MAY,  1875,  MAY,  1877,  AND  MAY,  1878. 


OBJECTS. 


The  objects  of  the  American  Institute  of  Mining  Engineers  are  to  pro- 
mote the  Arts  and  Sciences  connected  with  the  economical  production  of  the 
useful  minerals  and  metals,  and  the  welfare  of  those  employed  in  these  industries, 
by  means  of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of 
professional  papers,  and  to  circulate,  by  means  of  publications  among  its  members 
and  associates,  the  information  thus  obtained. 


II. 

MEMBEBSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geol- 
ogists, metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining, 
metallurgy,  or  metallurgical  engineering.  Associates  shall  include  all  suitable 
persons  desirous  of  being  connected  with  the  Institute  and  duly  elected  as  here- 
inafter provided.  Each  person  desirous  of  becoming  a  member  or  associate  shall 
be  proposed  by  at  least  three  members  or  associates,  approved  by  the  Council, 
and  elected  by  ballot  at  a  regular  meeting  upon  receiving  three-fourths  of  the 
votes  cast,  and  shall  become  a  member  or  associate  on  the  payment  of  his  first 
dues.  Each  person  proposed  as  an  honorary  member  shall  be  recommended  by 
at  least  ten  members  or  associates,  approved  by  the  Council  and  elected  by  ballot 
at  a  regular  meeting  on  receiving  nine-tenths  of  the  votes  cast ;  Provided,  that 
the  number  of  honorary  members  shall  not  exceed  twenty.  The  Council  may  at 
any  time  change  the  classification  of  a  person  elected  as  associate,  so  as  to  make 
him  a  member,  or  vice  versH,  subject  to  the  approval  of  the  Institute.  All  mem- 
bers and  associates  shall  be  equally  entitled  to  the  privileges  of  membership; 
Provided,  that  honorary  members,  and  members  and  associates  permanently 
residing  in  foreign  countries,  shall  not  be  entitled  to  vote  or  to  be  members  of  the 
Council. 
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Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of 
the  Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present 
at  any  annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secre- 
tary to  the  said  member  or  associate. 


III. 
DUES. 

The  'lues  of  members  and  associates  shall  be  ten  dollars  per  annum,  payable 
in  advance  at  the  annual  meeting ;  Provided,  that  persons  elected  at  the  meeting 
following  the  annual  meeting  shall  pay  eight  dollars,  and  persons  elected  at  the 
meeting  preceding  the  annual  meeting  shall  pay  four  dollars  as  dues  for  the  current 
year;  and  members  and  associates  permaneiith' residing  in  foreign  countries,  ex- 
cepting Canada,  shall  be  liable  to  such  annual  or  other  payments  only  as  the 
Council  may  impose,  to  cover  the  cost  of  supph'ing  them  with  publications. 
Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  associate  may 
become,  by  the  payment  of  one  hundred  dollars  at  any  one  time,  a  life  me^nber 
or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any  member  or 
associate  in  arrears  may  at  the  discretion  of  the  Council  be  deprived  of  the  receipt 
of  publications,  or  stricken  from  the  list  of  members  when  in  arrears  for  one 
year;  Provided,  that  he  may  be  restored  to  membership  b}'  the  Council  on  pay- 
ment of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 

IV. 

OFFICERS. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a 
President,  six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who 
shall  be  elected  from  among  the  members  and  associates  of  the  Institute  at  the 
annual  meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that 
office  subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the 
Vice-Presidents  for  two  years,  and  the  Managers  for  three  years;  and  no  Vice- 
President  or  Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office 
at  the  expiration  of  the  term  for  which  ho  was  elected.  At  each  annual  meeting 
a  President,  three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer 
shall  be  elected,  and  the  term  of  office  shall  continue  until  the  adjournment  of 
the  meeting  at  which  their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute  ;  and  the  Council  may  in 
its  discretion  require  bonds  tj  be  given  by  the  Treasurer.  At  each  annual  meet- 
ing the  Council  shall  make  a  report  of  proceedings  to  the  Institute  together  with 
a  financial  statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation;  or  the  Council 
may  by  vote  of  a  majority  of  all  its  members  declare  the  place  of  any  officer 
vacant,  on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the 
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Council  meetings  or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled 
by  the  appointment  of  the  Council,  and  any  person  so  appointed  shall  hold  office 
for  the  remainder  of  the  term  for  which  his  predecessor  was  elected  or  appointed  ; 
Provided,  that  the  said  appointment  shall  not  render  him  ineligible  at  the  next 
annual  meeting. 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly 
called  meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to 
the  approval  of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the 
Secretary,  and  recorded  by  him  with  the  minutes. 


V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent 
in  writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at 
any  time  not  less  than  thirty  days  before  the  annual  meeting;  and  the  Secretary 
shall,  not  less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or 
associate  (except  honorary  members,  or  foreign  members  or  associates)j^a  list  of 
all  the  nominations  for  each  office  so  received,  stamped  with  the  seal  of  the  In- 
stitute, together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible 
for  election  to  each  office.  And  each  member  or  associate,  qualified  to  vote,  may 
vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leaving 
names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  preparing  a  new 
list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing  it 
to  the  Secretary,  or  presenting  it  in  person  at  the  annual  meeting:  Provided,  that 
no  member  or  associate,  in  arrears  since  the  last  annual  meeting,  shall  be  allowed 
to  vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received 
and  examined  by  throe  Scrutineers,  appointed  at  the  annual  meeting  by  the  pre- 
siding officer;  and  the  persons  who  shall  have  received  the  greatest  number  of 
votes  for  the  several  offices,  shall  be  declared  elected,  and  the  Scrutineers  shall 
so  refiort  to  the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of 
the  elected  officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Sec- 
retary. 

VI. 

MEETINGS. 

The  annual  meeting  of'the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute,  and  an  abstract 
of  the  accounts,  shall  be  furnished  by  the  Council.  Two  other  regular  meetings 
of  the  Institute,  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Coun- 
cil shall  select.  Special  meetings  may  be  called  whenever  the  Council  see-  tit; 
and  the  Secretary  shall  call  a  special  meeting  on  a  requisition  signed  by  fifteen  or 
more  members.  The  notices  for  special  meetings  shall  state  the  business  to  be 
transacted,  and  no  other  shall  be  entertained.  All  notices  may  be  given  by 
circular,  mailed  to  members  and  associates,  or  through  the  Bulletin,  publisi.i.'d 
in  the  regular  organ  of  the  Institute,  at  the  discretion  of  the  Council 
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Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Kules,  by  the  votes  of  the  majority 
of  the  members  then  present.  The  place  of  meeting  shall  be  fixed  in  advance 
by  the  Institute,  or,  in  default  of  such  determination,  by  the  Council,  and  notice 
of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  members  and  asso- 
ciates, at  least  twenty  days  in  advance.  Any  member  or  associate  may  introduce 
a  stranger  to  any  meeting;  but  the  latter  shall  not  take  part  in  the  proceedings 
without  the  consent  of  the  meeting. 


VII. 

PAPERS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to 
the  Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty, 
when  they  think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute, 
shall  be  printed  in  the  Transactions.  Intimation,  when  practicable,  shall  be 
given  at  each  General  Meeting,  of  the  subject  of  the  paper  or  papers  to  be  read, 
and  of  the  questions  for  discussion  at  the  next  meeting.  The  reading  of  papers 
shall  not  be  delayed  beyond  such  hour  as  the  presiding  officer  shall  think  proper; 
and  the  election  of  members  or  other  business  may  be  adjourned  by  the  presiding 
officer,  to  permit  the  reading  and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by  the  Institute, 
shall  be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author. 
The  author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve 
copies,  if  printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number 
of  copies  at  the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended 
for  sale.  The  Institute  is  not,  as  a  body,  responsible  for  the  statements  of  factor 
opinion,  advanced  in  papers  or  discussions,  at  its  meetings,  and  it  is  understood 
that  papers  and  discussions  should  not  include  matters  relating  to  politics  or 
purely  to  trade. 


VIII. 

AMENDMENTS. 

These  Rules  may  be  amended,  at  any  annual  meeting,  by  a  two-thirds  vote  of 
the  members  present,  provided  that  written  notice  of  the  proposed  amendment 
shall  have  been  given  at  a  j)revious  meeting. 


Eia  -s^j^tjl. 


Page  35,  foot  note  *  before  page  4S8,  insert  Vol.  I. 
Page  41,  foot  uote  *,  for  breaks,  read  breasts. 
Page  46,  line  18,  for  4  x  6,  read  4x4. 
Page  49,  foot  note  t,  for  2.230,  read  2230. 
Page  54,  line  6  from  bottom,  for  59,  read  59J^. 

Upper  box,  each  side,  blocks. 
Page  55,  column  fi  of  table  opposite  No.  3,  should  read  2d,  blocks.      3d,  riffles,      f 
Page  59,  line  14  from  bottom,  for  .2624,  read  .02624. 
Page  59,  line  5  from  bottom,  for  .2499,  read  .02499. 

Page  95,  column  of  remarks,  the  first  and  second  should  be  moved  down  one  line. 
Table  IV,  following  page  100,  column  25,  for$).104,  read  S.0104. 
Table  V,  column  17,  third  item,  for  1329.27,  read  1,339.27. 
Table  VI,  last  column,  fourth  item,  for  6,153.02,  read  6. 153.62. 
Table  VII,  last  column,  first  item,  for  $2,0.33.50,  read  $2,033.56. 
Table  X,  column  2,  for  5,663.80,  read  5,60.3.89. 
Table  X,  column  2,  for  4.201.89,  read  4,201.95. 
Table  X,  column  2,  for  53,088.82,  read  53,088.8b. 
Table  X,  column  4,  for  $0,0203,  read  S0,0283. 
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ANNUAL    MEETING,  WIEKES-BARRE, 


May,  1877. 

The  Institute  assembled  in  the  Court-House,  on  Tuesday  evening, 
May  22d,  and  was  called  t-o  order  by  Vice-President  E.  B.  Coxe. 
After  announcement  by  the  Local  Committee  of  the  programme  for 
excursions,  the  Secretary  read  the  following  annual  report  of  the 
Council : 

The  Council,  in  presenting  to  the  Institute  its  annual  report,  has  to  record  a 
most  eventful  }-ear  in  the  histor}'  of  the  Institute.  Three  meetings,  as  usual, 
have  been  held,  two  in  Philadelphia  and  one  in  New  York.  At  the  Philadel- 
phia meetings  in  June  and  October,  there  were  present  many  distinguished  for- 
eign engineers,  some  of  whom  contributed  communications  to  the  Institute,  and 
took  part  in  its  discussions.  Sixty-seven  papers  have,  in  all,  been  presented  to 
the  Institute,  which  will  be  published  in  the  fifth  volume  of  Transactions. 

There  has  been  an  accession  to  the  membership  of  1  honorarj'  member,  11 
foreign  members,  and  162  members  and  associates;  8  have  resigned,  6  have  died, 
and  30  have  been  dropped  from  the  roll,  after  due  notification,  for  non-payment 
of  dues.  The  membership  now  comprises  5  honorary  members,  50  foreign  mem- 
bers, and  644  members  and  associates,  in  all  699. 

As  worthy  of  especial  mention  in  the  work  of  the  year  are  the  Discussions  on 
Technical  Education  in  connection  with  the  American  Society  of  Civil  Engi- 
neers, and  the  report  of  the  International  Committee  appointed  by  the  Institute 
to  consider  the  nomenclature  of  iron  and  steel.  The  Discussions  on  Technical 
Education  have  been  published  in  a  separate  volume,  and  comprise  a  valuable 
and  suggestive  collection  of  the  views  of  practical  engineers  and  educators. 

The  report  of  the  International  Committee,  composed  of  Messrs.  Akerman,  of 
Sweden;  Bell,  of  England  ;  Tunner,  of  Austria  ;  Gruner,  of  France  ;  Wedding, 
of  Prussia;  and  HoUey  and  Egleston,  of  the  United  States,  has  received  the 
careful  attention  of  engineers  and  metallurgists  of  all  countries,  and  has  met 
with  very  general  acceptance. 

Of  the  work  of  the  Centennial  Committee  in  Philadelphia  the  members  are 
generally  familiar,  from  personal  experience,  and  from  the  detailed  report  of  the 
committee  at  the  last  meeting  of  the  Institute.  But  the  record  of  the  service  ren- 
dered by  this  committee  would  be  incomplete  without  mention  of  the  numerous 
letters  of  thanks  and  formal  expressions  of  obligations  received  by  the  Institute 
from  individuals,  societies,  and  governments  abroad.  The  wise  and  generous 
spirit  in  which  the  work  of  the  committee  was  planned,  and  the  laborious  and  self- 
sacrificing  manner  in  which  it  was  carried  out,  call  for  emphatic  expressions  of 
thanks  from  the  Institute. 

The  gifts  of  Centennial  exhibits  to  the  Institute,  largely  as  testimonials  for  ser- 
vices rendered,  has  necessitated  the  appointment  of  a  Museum  Committee  for 
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the  reception  and  installation  of  the  collections.     This  committee  has  already 
made  a  report  of  progress  at  the  last  meeting. 

The  following  members  have  died  during  the  past  year:  T.  A.  Blossom,  J.  P. 
Clemes,  F.  B.  Jenney,  C.  E.  Richter,  and  our  distinguished  foreign  member, 
David  Forbes. 

The  accounts  of  the  Secretary  and  Treasurer,  duly  audited,  show  receipts  for 
the  year  of  $5852.51,  with  a  balance  fi-om  the  preceding  year  of  $1428.24,  a 
total  of  $7280.75.  The  expenses  have  been  $6577.89,  leaving  a  balance  of 
$702. 8<J.  The  balances  for  this  and  previous  years  do  not  represent  surplus 
over  expenditures.  It  has  hitherto  been  the  practice  to  balance  the  accounts  as 
near  as  possible  to  the  time  of  the  annual  meeting,  at  which  time  a  considerable 
part  of  the  dues  for  the  succeeding  year  have  Jaeen  paid  in.  During  the  past 
year  the  expenditures  have  exceeded  the  receipts  for  the  same  period  b}'  about 
$600.  Measures  have  been  taken  by  the  Council  by  which  it  is  expected  that 
the  receipts  for  the  coming  year  will  meet  the  expenses  of  the  year  and  also 
cover  the  deficit  of  the  past  year. 

Meeting  in  this  phice,  where  six  years  ago  the  American  Institute  of  Mining 
Engineers  was  organized,  we  cannot  fail  to  be  impressed  with  the  almost  unprec- 
edented growth  of  the  Society.  From  a  small  gathering  of  twenty-two  at  the 
first  meeting  we  have  grown  to  a  membership  of  nearly  700,  and  to  a  recognized 
position  among  the  scientific  societies  of  the  world. 

The  Council,  in  the  absence  of  our  President,  submits  to  the  Institute  the 
following  letter  : 

"  New  York,  May  21st,  1877. 

"My  dear  Sir:  When  the  Institute  did  me  the  honor  to  elect  me  as  its 
President,  I  was  careful  to  have  it  understood  that  my  public  duties  would  almost 
certainly  prevent  me  from  being  present  at  the  meetings  and  discharging  the 
duties  of  the  position  in  the  manner  so  acceptably  performed  by  my  predecessors. 
But  I  did  expect  to  be  able  to  attend  the  spring  meeting,  and  show  by  my  pres- 
ence the  deep  and  abiding  interest  which  I  take  in  all  that  concerns  the  advance- 
ment of  the  metallurgical  arts  in  this  country.  It  is  with  extreme  regret,  almost 
allied  to  despair,  that  I  find  myself  powerless  to  execute  my  purpose.  Ever  since 
the  adjournment  of  Congress  I  have  been  ill,  and  unable  to  leave  home  even  for 
the  few  days  which  I  had  promised  to  my  Southern  friends  on  a  visit  for  which 
1  had  made  everj'  provision.  I  am  now  gaining  in  strength,  but  am  under  treat- 
ment for  a  disorder  of  the  throat  which  makes  my  daily  presence  here  indis- 
pensable. I  pray  you,  therefore,  to  make  my  excuses  to  your  associates,  and  to 
assure  my  fellow-members  of  the  regret  with  which  I  am  constrained  to  deprive 
myself  of  the  pleasure  of  being  among  gentlemen  who  thought  me  worthy  of 
the  high  honor  which  I  have  done  so  little  to  deserve,  and  which  I  now  lay  down 
with  satisfaction  only  because  I  am  conscious  of  my  inability  to  perform  the 
duties  of  the  position. 

"  I  have  the  honor  to  be,  with  great  respect,  your  obedient  servant, 

"  Abkam  S.  Hewitt. 
"  Dr.  Thomas  M.  Drown,  Secretary." 

The  Council  desires  to  express  in  this  connection,  on  behalf  of  the.  Institute, 
and,  it  is  confident,  with  the  cordial  concurrence  of  every  member,  the  sincere 
regret  of  all  that  Mr.  Hewitt's  health  and  public  duties  have  deprived  us  of  so 
much  of  his  presence  as  we  had  hoped  to  enjoy,  and  the  assurance  that  his 
earnest  sympathy  and  honored  name  have  been  important  aids  to  the  Institute 
during  a  critical  portion  of  its  career — the  period  when  this  society  stepped 
forward  into  international  recognition  and  extended  usefulness. 
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The  presiding  officer  appointed  Messrs.  E.  B.  Harden  and  William 
Wier  McKee  Scrutineers,  to  receive  the  ballots  and  to  report  the 
result  of  the  election  at  a  subsequent  session. 

The  following  papers  were  then  read  : 

On  a  Mining  I>aboratorv,  by  Prof.  R.  H.  Richards,  of  the  Massa- 
chusetts Institute  of  Technology,  Boston. 

On  the  Rothschoenberger  Stollen,  in  Saxony,  by  Dr.  R.  W. 
Raymond,  of  New  York. 

Note  on  the  Manufiicture  of  Ferro-manranese  in  the  Blast 
Furnace,  by  F.  Valton,  of  Paris,  France. 

On  Wednesday  morning,  the  members  left  by  special  train  on 
the  Lehigh  and  Susquehanna  Division  of  the  Central  Railroad  of 
New  Jersey,  and  first  visited  the  shops  of  the  railroad  company  at 
Ashley,  under  the  courteous  guidance  of  Mr.  L.  C.  Braistow,  Master 
Mechanic.  The  com])any's  planes  were  next  visited,  w^here  opportu- 
nity was  offered  of  inspecting  the  machinery,  and  also  of  ascending 
the  three  planes  to  the  summit  in  an  open  car.  The  remainder  of 
the  day  was  spent  at  the  charming  retreat  of  General  Paul  A.'Oliver, 
at  Laurel  Run,  where  the  members  had  the  privilege  of  examining 
General  Oliver's  process  for  the  manufacture  of  gunpowder,  and  of 
enjoying  his  genial  hospitality. 

In  the  evening  the  second  session  was  held,  and  the  following 
papers  read : 

Can  we  transmit  Power  in  large  amount  by  Electricity?  by  N. 
S.  Keith,  of  Newark,  N.  J. 

Note  on  the  Cost  of  Construction  of  six  Regenerative  Fiu'naces 
built  in  1875  at  the  Edgar  Thomson  Steel  Works,  by  P.  Barnes, 
of  New  York. 

Some  Peculiarities  in  the  Composition  of  Irons,  by  Dr.  J.  Law- 
rence Smith,  of  Louisville,  Ky. 

On  Fire-brick  Stoves,  by  J.  M.  Hartman,  of  Philadelphia. 

Mr.  J.  D.  Weeks,  of  Pittsburgh,  on  behalf  of  the  committee  ap- 
pointed, in  accordance  with  a  resolution  passed  at  the  last  meeting,* 
to  examine  into  the  subject  of  gauges,  said  that  the  work  involved 
had  |)roved  to  be  more  extensive  and  intricate  than  had  been  antici- 
pated. The  committee,  however,  was  working  industriously,  and 
hoped  to  report  at  the  next  meeting. 

Thursday  was  devoted  to  visits  to  the  mines  and  breakers  in  the 
neighborhood  of  W^ilkes-Barre. 

*  This  committee,  appoiiitf^l  by  the  chairman  (Dr.  Kaymond)  after  the  adjourn- 
ment of  the  meeting,  consists  of  Messrs.  Egleslon,  Weeks,  sind  Metcalf. 
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The  Prospect  Shaft  of  the  Lehijijh  Valley  Company  was  first 
visited,  under  the  guidance  of  Mr.  Frederick  Mercur,  the  engineer 
of  the  company,  Superintendent  Mitchell,  of  the  Lehigh  Valley 
Railroad,  supplying  a  special  train  for  the  party.  After  inspect- 
ing the  direct-acting  hoisting  engines,  a  portion  of  the  company 
descended  the  shaft  in  cages,  and  penetrated  some  distance  into  the 
workings,  observing  the  unusually  complete  precautions  which  are 
taken  in  this  mine  against  fire-damp  and  fire.  The  Prospect  Shaft 
has  the  reputation  of  being,  with  respect  to  generation  of  fire-damp, 
the  worst  in  .the  world,  generating  several  thousand  cubic  feet  of 
light  carburetted  hydrogen  gas  per  minute.  It  is  connected  with 
another  shaft  at  Oakwood,  and  each  of  these  has  a  Guibal  fan — the 
former  being  20  feet  and  the  latter  30  feet  in  diameter.  Inspector 
Williams,  on  a  recent  test,  found  the  Prospect  fan,  at  sixty  revolu- 
tions, to  be  exhausting  57,000  cubic  feet  of  air  per  minute,  while  the 
Oakwood  fan,  at  thirty-five  revolutions,  was  exhausting  73,000  feet. 
This  aggregate  of  130,000  cubic  feet  of  air  per  minute  Avas  required 
to  prevent  the  accumulation  of  fire-damp  in  dangerous  quantities. 
But  sudden  outbursts  of  the  gas  frequently  take  place  nevertheless, 
and  give  rise  to  serious  fires.  To  suppress  these,  pipes  are  carried 
through  the  mine,  supplied  with  water  from  the  surface,  there  being 
little  water  in  the  mine;  and  Babcock  fire-extinguishers  are  also 
used.  One  of  the  excursion  parties  on  this  occasion  had  opportunity 
to  see  how  quickly,  by  these  means,  a  sudden  fire  was  extinguished. 
The  Prospect  Shaft  is  600  feet  deep,  and  the  Oakwood  Shaft  750 
feet.  The  workings  extend  under  the  Susquehanna,  and  although 
there  is  little  water  in  the  mines  there  is  a  considerable  escape  of  gas 
at  one  point  through  the  river  itself. 

The  Empire  Mine,  of  the  Lehigh  and  Wilkes-Barre  Company, 
was  next  visited,  but  not  entered.  Here  Mr.  Charles  Parrish  ex- 
hibited to  the  members  many  interesting  drawings  illustrating  the 
mechanical  arrangements  for  hoisting,  handling,  and  shipping 
coal.  To  Mr.  Parrish  the  Institute  is  also  indebted  for  a  col- 
lation, served  on  the  train. 

The  exposure  of  coal  on  the  surface  in  the  open  cut  and  tunnel 
of  the  Wanamie  Colliery  was  next  visited,  after  which  the  excursion 
was  continued  to  Nanticoke  and  to  the  great  "No.  7"  breaker  of 
the  Lehigh  and  Wilkes-Barre  Company,  after  inspecting  which  the 
party  returned  to  Wilkes-barre. 

The  third  and  concluding  session  was  held  on  Thursday  evening. 
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The  Secretary  read  the  report  of  the  Scrutineers  of  the  election, 
which  declared  the  following  persons  elected  : 

President. — Dr   T.  Sterry  Hunt,  Boston. 

Vice-Presidenis. — Thomas  Egleston,  New  York  ;  John  B.  Peakse,  Boston  ; 
William  P.  Shinn,  Pittsburgh. 

Managers.— '&.  T.  Cox,  Indianapolis;  H.  S.  Drinker,  Piiiludelphia ;  A.  L. 
HoLLEY,  New.  York. 

Treasurer. — Theodore  D.  Rand,  Philadelphia. 

Secretary. — Thomas  M.  Drown,  Easton,  Pa. 

The  following  persons,  recommended  by  the  Council  for  members 
and  associates  of  the  Institute,  were  unanimously  elected  : 


Bennett,  Clarence  M., 
Bowser,  Prof.  Edward  A., 
Campbell,  Charles,     . 
Cook,  Edgar  S., 
Davenport,  Russell  W.,     . 
Dudgeon,  William,    . 
Ellers,  George  Howard,     . 
Gill,  George  W., 
Gogin,  Prank  S., 
Gogin,  George  W.,    . 
Horton,  Nathan  Waller,   . 
Marchand,  C.  E., 
Pickands,  Harry  S.,  . 
Ramsay,  William  Taylor, 
Riezler,  Otto, 
Rousseau,  J.  C, 
Sheet,  Ogden,     . 
Smith,  Hamilton,  Jr., 
Steiger,  John,     . 
Taylor,  Charles  L.,    . 
Wilhelm,  A.,     . 


MEMBERS. 

Jenkintown,  Montgomery  County,  Pa. 

Rutgers  College,  New  Brunswick,  N.  J. 

Ironton,  Ohio. 

Monocacy,  Berks  County,  Pa. 

Midvale  Steel  Works,  Philadelphia. 

Londonderry,  Nova  Scotia. 

Paterson,  N.  J. 

Columbus,  Ohio. 

Norwaj'  Iron  Works,  Boston. 

Norway  Iron  Works,  Boston. 

New  York  City. 

Alliance,  Ohio. 

Ogden  Iron  Company,  Nelsonville,  Ohio. 

Avery,  Monroe  County,  Iowa. 

Drifton,  Jeddo  P.  O.,  Luzerne  County,  Pa. 

Mount  Vernon  Iron  Works,  Augusta  Co.,  Va. 

Quinnimont,  West  Va. 

San  Francisco,  Cal. 

Drifton,  Jeddo  P.  O.,  Luzerne  County,  Pa. 

Philadelphia. 

Cornwall,  Lebanon  County,  Pa. 


AUport,  Charles  J., 


FOREIGN    MEMBER. 

.     Sheffield,  England. 


Bliss,  Arthur  W., 
Eernow,  Bernard, 
Freeman,  Wm.  Coleman, 
Hart,  William  R.,     . 

Hartranft,  S.  S., 
Hollis,  William, 
McMillin,  Emerson,  . 


ASSOCIATES. 

Dunbar,  Fayette  County,  Pa. 

Brooklyn,  N.  Y. 

Cornwall,  Lebanon  County,  Pa. 

Philadelphia. 

Lafayette  College,  Easton,  Pa. 

School  of  Mines,  Columbia  College,  Nesv  York 

Ironton,  Ohio. 
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McNulty,  Joseph,  .         .  School  of  Mines,  Cohimliia  College,  New  York. 

Morris,  Gouverneur  Wm.,  School  of  Mines,  CoUimhia  College,  New  York. 

Prosser,  Walter,  .  .  School  of  Mines,  Columbia  College,  New  York. 

Kickard,  R.  H.,  .  .         .  New  York  City. 

Roney,  C.  Henry,  .         .  Philadelphia. 

Shoenbar,  John,  .         .  Eureka,  Nevada. 

Stanton,  John,  Jr.,  .         .  New  York  City. 

Tuttle,  Horace  A.,  .         .  Cleveland,  Ohio. 


The  proposed  amendments  to  the  Rules,  of  which  notice  was  given 
at  the  February  meeting,  were  next  discussed. 

The  amendment  to  Rule  II,  proposed  by  Mr.  Frank  Firrastone, 
with  reference  to  the  method  of  election  of  members,  v/as  laid  over 
till  the  next  annual  meeting.  The  amendment  proposed  by  the  same 
to  Rule  V,  to  insert  three  scrutineers  instead  of  two  scrutineers,  was 
adopted.  Of  the  amendments  proposed  by  Prof.  Prime,  the  first, 
relating  to  honorary  members  in  Rule  II,  was  laid  ®n  the  table;  the 
second,  taking  out  reference  in  Rule  II  to  members  permanently 
residing  in  foreign  countries,  was  laid  on  the  table;  the  third,  refer- 
ring to  foreign  membership  in  Rule  III,  was  laid  on  the  table;  the 
fourth,  striking  out  the  passage  in  Rule  IV  with  reference  to  the 
classification  of  the  members  of  the  Council,  was  adopted ;  the  fifth, 
referring  to  vacancies  in  the  Council  in  Rule  IV,  was  indefinitely 
postponed. 

Mr.  E.  B.  Coxe's  proposed  amendment  to  Rule  IV,  referring  to 
the  number  of  vice-presidents  and  managers,  was  withdrawn. 

Mr.  Drown's  proposed  amendment  to  Rule  V,  to  substitute  four 
fi)r  two  weeks,  was  not  adopted. 

The  amendment  proposed  by  Prof.  Frazer  to  Rule  V,  referring 
to  the  order  of  the  names  on  the  ballots,  was  inadvertently  omitted. 

The  chairman,  Mr.  E.  C.  Pechin,  announced  on  behalf  of  the 
Council  that  the  contract  existing  between  the  Institute  and  En- 
gineering and  Mining  Journal  had  expired  by  limitation. 

Dr.  R.  W.  Raymond,  on  the  part  of  the  Engineering  and  Mining 
Journal,  said  the  proprietors  would  decline  to  renew  the  arrange- 
ment for  publishing  the  papers  of  the  Institute,  unless  it  was  voted 
desirable  in  open  meeting  of  the  Institute.  After  prolonged  discus- 
sion, the  following  resolution  was  adopted :  That  the  arrangement  at 
present  existing  between  the  Institute  and  the  Journal  be  continued, 
revokal)le  by  either  party  at  three  months'  notice. 

The  chairman  announced  that  negotiations  were  in  progress  to 
arrange  a  meeting  of  the  Institute  on  Lake  Superior  some  time  in 
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the  near  future.     In  view  of  these  negotiations  it  was  voted  tliat  the 
Council  be  autliorized  to  antedate  the  October  meeting  if  desirable. 

General  J.  T.  Wilder  presented  an  invitation  from  the  Iron,  Coal, 
and  Manufacturers'  Association,  of  Chattanooga,  Tennessee,  to  the 
Institute,  to  hold  one  of  its  future  meetings  there. 

The  following  resolution  was  unanimously  adopted : 

Resolved,  That  the  hearty  thanks  of  the  Institute  are  hereby  tendered  to  Mr. 
L.  C.  Bristow,  General  Paul  A.  Oliver,  Mr.  Charles  Parrish,  Judaic  Rhone,  the 
oflBcers  of  the  Lehiajh  and  Susquehanna  and  the  Lehigh  Valley  Railroads,  and  the 
local  committee,  Messrs.  Stearns,  Mercur,  and  Wright,  for  the  thoughtful  and 
generous  reception  of  the  Institute  in  Wilkos-Barre,  and  for  the  many  courtesies 
which  have  contributed  so  largely  to  the  pleasure  and  profit  of  the  members 
during  the  meeting. 

Prof.  Persifor  Frazer,  Jr.,  showed  some  small  cards  on  which  he  had 
had  printed  in  tabular  form  the  conversion  of  inches  into  centimeters, 
feet  into  meters,  yards  into  meters,  and  miles  into  kilometers,  as  a 
contribution  to  the  effort  being  made  to  familiarize  the  public  with 
the  metric  system,  and  to  facilitate  calqulations.  The  cards  were  dis- 
tributed to  the  members. 

Prof.  Frazer  then  read  a  paper  on  the  Classification  of  Coals. 

Dr.  R.  W.  Raymond  exhibited  a  specimen  of  the  silver-bearing 
sandstone  of  Utah. 

The  following  papers  were  then  read  by  title: 

The  Cost  of  a  Blast  Furnace  Plant  in  the  Cleveland  District  of 
England,  by  P.  Barnes,  of  New  York. 

The  Cost  of  Iron  Rails  at  one  of  the  leading  Mills  in  England,  by 
P.  Barnes,  of  New  York. 

On  the  Southern  Limit  of  the  last  Glacial  Drift  across  New  Jersey 
and  the  adjacent  parts  of  New  York  and  Pennsylvania,  by  Prof.  G. 
H.  Cook,  State  Geologist  of  New  Jersey. 

Hydraulic  Mining  in  California,  by  A.  J.  Bowie,  Jr.,  of  San 
Francisco. 

Notes  on  the  Manufacture  of  Iron  in  Mexico,  by  J.  P.  Carson, 
of  New  York. 

The  Action  of  Small  Spheres  of  Solids  in  Ascending  Currents  of 
Fluids  and  in  Fluids  at  Rest,  by  J.  C.  Bartlett,  of  Cambridge,  Mass. 

The  Mechanical  Work  performed  in  Heating  the  Blast,  by  Prof 
B.  W.  Frazier,  of  Bethlehem,  Pa. 

The  meeting  was  then  declared  adjourned. 
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AMENIA,  N.  Y.,  MEETING, 

October,  1877. 

The  opening  session  was  held  on  Tuesday  evening,  October  23d. 

Mr.  J.  F.  Lewis,  on  behalf  of  the  local  committee  of  arrange- 
ments, made  a  short  address  of  greeting  to  the  members  assembled, 
and  then  introduced  Gov.  A.  H.  HoUey,  of  Lakeville,  Conn.  Gov. 
Holley  addressed  the  Institute  as  follows : 

Gentlemen,  we  give  you  cordial  welcome  to  a  mining,  manufac- 
turing, and  agricultural  country,  of  which  we  are  not  a  little  proud. 
We  welcome  you  as  an  association,  and  as  individuals.  We  invite 
you  to  an  inspection  of  our  resources,  and  to  our  methods  of  im- 
proving them.  We  appreciate  the  results  of  your  efforts  in  past 
years,  and  we  anticipate  good  from  your  advice  and  counsel  in  the 
future.  You  are  in  the  vicinity  of  some  of  the  oldest  mining  and 
manufacturing  operations  in  iron  in  our  country.  It  will  be  our 
pleasure  to  conduct  you  to  a  mine  which  was  worked  for  more 
than  a  half  century  before  our  country  achieved  national  inde- 
pendence, and  to  point  out  to  you  the  spot  where  the  products  of 
this  mine  were  wrought  into  cannon  and  shot  during  the  progress 
of  our  Revolution.  We  can  show  you  also  a  far  larger  area  of 
mining  country  than  was  supposed  to  exist  in  this  vicinity  at  that 
early  day.  There  are,  within  a  radius  of  thirty  miles  from  this 
spot,  ten  mines  at  least  that  have  been  extensively  worked,  and 
there  are  as  many  more  that  have  been  occasionally  worked,  with  a 
fair  degree  of  success.  All  the  mines  that  are  wrought  to  any 
extent  produce  excellent  qualities  of  iron,  while  many  of  them  in 
various  combinations  produce  as  good  material  for  the  manufacture 
of  steel,  car  wheels,  axles,  and  many  other  purposes,  as  can  be  found 
in  any  country.  The  old  Salisbury  iron  retains  its  reputation  for 
tensile  strength  unsurpassed,  when  made  entirely  from  the  ore  of 
the  old  mine. 

The  progress  that  has  been  made  in  the  development  of  these 
mines  since  the  days  of  the  pickaxe,  when  the  product  was  trans- 
ported in  pounds  upon  horseback,  to  those  of  the  steam-engine, 
which  now  moves  hundreds  of  tons  per  day,  presents,  indeed,  a 
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strong  contrast.  In  these  improvements  we  have  kept  reasonable 
pace  with  the  age,  although  we  do  not  doubt  that  your  intelligent 
association  can  suggest  greater  advances  in  raining,  which  will  result 
to  our  advantage. 

The  first  blast  furnace  erected  in  Salisbury  was  located  in  Lake- 
ville,  and  was  put  in  blast  in  1763  or  1764.  It  was  unquestionably 
the  first  one  built  in  the  State.  In  1762,  the  site  which  it  occupied 
was  conveyed  to  Ethan  Allen,  of  Revolutionary  memory,  and  two 
other  proprietors,  who  erected  the  furnace,  and  soon  after  sold  it  to 
the  Caldwells,  of  Hartford,  Connecticut.  During  our  Revolutionary 
war  the  furnace  was  in  the  possession  of  Mr.  Richard  Smith,  an 
English  gentleman,  who  left  it,  and  returned  to  his  native  country. 
The  State  of  Connecticut,  without  confiscating  the  property,  operated 
it  for  the  manufacture  of  cannon  and  shot  during  the  war.  It  was 
afterwards  possessed  by  various  other  individuals  until  about  the 
year  1814,  when  it  became  the  property  of  Messrs.  Holley  &  Coffing, 
who  operated  it  for  more  than  twenty  years,  and  more  successfully 
than  any  previous  owners  had  done. 

Subsequently,  and  at  a  considerably  later  period,  five  other  furnaces 
were  built  in  Salisbury,  two  of  which  are  now  in  blast,  I  believe, 
and  the  others  have  been  demolished.  Of  the  twenty-seven  fur- 
naces which  I  now  recall  as  having  been  built  and  operated  within  a 
radius  of  thirty  miles  of  this  village,  exclusive  of  those  on  the  Hud- 
son River,  one-half  are  either  in  operation,  or  in  a  condition  to  be 
put  in  operation  at  short  notice,  whenever  the  demand  for  iron  will 
warrant  their  use. 

For  many  years  after  the  construction  of  these  furnaces,  one-half  of 
them,  at  least,  did  not  produce  more  than  three  tons  of  iron  per 
day,  and  this  was  considered  a  fair  product  and  quite  satisfactory 
working.  At  present,  and  for  some  years  past,  furnaces  of  similar 
size  and  construction  are  made  to  produce  from  eight  to  twelve 
tons  per  day. 

Among  those  that  are  thus  productive  are  the  Messrs.  Gridley, 
Messrs.  Miles,  Mr.  Maltby,  and  the  Irondale  Company,  all  in  this 
Valley  and  State ;  the  I^ime  Rock  Iron  Company  and  the  Messrs. 
Landon,  in  Salisbury  ;  the  Canaan  Iron  Company,  in  South  Canaan ; 
the  Barnum-Richardson  Company's  three  furnaces  in  North  Canaan, 
and  one  in  Sharon,  all  in  Connecticut;  and  the  Richmond  Iron 
Company's  furnaces  in  Van  Deuzenville  and  Richmond,  in  Berkshire 
County,  Massachusetts;   making  eleven  furnaces  in  all. 

The  first  /or^e  constructed  for  making  wrought  iron  was  erected, 
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about  the  year  1734,  at  Lime  Rock.  The  iron  was  produced 
ilirectly  from  tl)e  ore  in  small  fires  capable  of  yielding  from  500  to 
700  lbs.  per  day.  This  process  was  continued  for  some  yeai's,  but  was 
abandoned  soon  after  pig  iron  came  into  the  market,  which  was  sub- 
stituted for  the  ore  in  the  forges,  and  forge  fires  were  then  multiplied 
to  the  number  of  thirty  to  forty  within  a  radius  of  five  or  six  miles 
of  the  Old  Bed,  These  forges  produced  for  many  years  large  quan- 
tities of  merchant  bars,  anchors,  cotton  screws,  locomotive  cranks 
and  axles,  besides  furnishing  large  supplies  of  musket  iron  for  the 
Government  armories  at  Springfield  and  Harper's  Ferry,  and  also 
for  private  armories. 

The  mines  to  which  I  have  referred  have  furnished  the  ore  not 
only  for  the  furnaces  above  mentioned,  but  large  quantities  have 
been  sent  from  several  of  them  to  Manhattan,  Fishkill,  Poughkeepsie, 
Hudson,  Albany,  and  Troy;  and  they  are  capable  of  yielding  large 
supplies  to  meet  increased  demand. 

Mr.  President,  I  am  trespassing  upon  the  forbearance  of  your 
association,  and  will  only  add  that  facilities  will  be  furnished  you, 
by  our  friends  and  our  liberal  railroad  companies,  for  visiting  many 
of  these  works  and  mines,  where  you  will  make  personal  examina- 
tions that  will  be  more  satisfactory  than  any  description  which  I 
can  give.  We  renew  a  cordial  welcome,  anticipating  pleasure  from 
your  visit,  and  trust  that  it  may  be  made  agreeable  to  yourselves  and 
of  benefit  to  all  parties. 

Doctor  T.  Sterry  Hunt,  President  of  the  Institute,  after  respond- 
ing to  the  cordial  welcome  of  Governor  Holley,  spoke  at  some 
length  of  the  geological  and  geographical  features  of  Eastern  North 
America,  adapting  his  remarks  to  the  large  general  audience  present. 

Professor  T.  Egleston,  Chairman  of  the  Committee  on  Gauges, 
then  read  the  report  of  the  committee. 

The  following  papers  were  then  read  : 

On  Fluxing  Silicious  Ores,  and  On  a  New  Method  of  taking 
Blast  Furnace  Sections,  by  T.  F.  Witherbee,  of  Port  Henry,  N.  Y. 

Notes  on  the  Salisbury  (Conn.)  Iron  Mines  and  Works,  by  A.  L. 
Holley,  of  New  York  City. 

The  second  session  was  held  on  Wednesday  afternoon,  when  the 
following  papers  were  read  : 

Methods  of  Mining  on  Lake  Superior,  by  Professor  T.  Egleston, 
School  of  Mines,  New  York  City. 
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Tellurium  Minerals  of  Colorado,  by  E.  P.  Jennings,  of  Cornell 
University,  Ithaca,  N.  Y. 

Description  of  a  Form  of  Water-tube  Boiler,  by  P.  Barnes,  of 
New  York  City. 

Notes  on  the  Iron  Ores  and  Anthracite  Coal  of  Rhode  Island, 
by  A.  L.  Holley,  of  New  York  City. 

On  a  Graphic  Method  of  keeping  Blast  Furnace  Results,  by  Wm. 
Kent,  of  Pittsburgh,  Pa. 

On  the  so-called  Buckshot  Iron,  by  F.  P.  Dewey,  of  Dover,  N.  J. 

The  third  session  was  held  on  Wednesday  ev^ening. 
The  President  presented,  on  behalf  of  the  Council,  the  following 
resolution  for  adoption : 

Resolved,  That  the  Museum  Committee  shall  be  empowered  to  make  such  dis- 
position and  instalment  of  the  mineral  and  metallurgical  collections  of  the 
Institute  as  will,  in  its  judgment,  be  best  for  the  Institute,  and  for  the  preserva- 
tion of  the  collections,  provided  that  no  expenditure  of  the  funds  of  the  Institute 
be  incurred. 

The  resolution  was  unanimously  adopted. 

The  President  communicated  to  the  Institute  the  following  action 
of  the  Council : 

Resolved,  That  a  committee  of  three  be  appointed  to  consider  and  recommend 
amendments  to  the  rules  of  the  Institute,  if  any  change  therein  is  deemed  ad- 
visable, relating, 

1st.  To  the  number  and  times  of  the  general  meetings  of  the  Institute  to  be 
held  in  each  year. 

2d.  To  the  arrangement  of  the  order  of  reading,  discussion,  and  publication 
of  papers  presented  to  the  Institute,  and  of  the  exercises  at  the  general  meetings 
thereof. 

The  Committee  shall  report  to  the  Council  at  the  February  meeting,  so  that 
notice  of  such  amendments  as  the  Council  may  approve  may  be  given  to  the 
Institute  at  that  time,  in  order  that  definite  action  thereon  maj-  be  had  at  the 
annual  meeting,  May,  1878. 

The  President  mentioned  that  it  was  the  wish  of  the  Council  that 
members  and  associates  would  send  to  the  Secretary  their  views  on 
the  subjects  embodied  in  the  resolution. 

The  following  papers  were  then  read  : 

On  an  Edgestone  for  grinding  Analytical  Sample? :  and,  On  a  Jet 
Pump  as  a  Filter  Pump  and  a  Blower,  by  Prof.  R.  H.  Richards,  of 
Boston,  Mass. 

The  Eureka  Lode,  of  Eureka,  Eastern  Nevada,  by  W.  S.  Keyes, 
of  San  Francisco,  Cal. 
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The  Eureka-Richmond  Case,  by  Dr.  R.  W.  Raymond,  of  New 
York  City. 

The  Ore  Deposits  in  the  Vicinity  of  Eureka,  Nevada,  by  Prof. 
W.  P.  Blake,  of  New  Haven,  Conn. 

The  fourth  and  concluding  session  was  held  on  Thursday  evening. 
The  following  persons,  duly  proposed  and  approved  by  the  Council, 
were  elected  metnbers  and  associates  of  the  Institute : 


Agassiz,  Prof.  Alexander, 
Barron,  Samuel  A., 
Clark,  Henry  G., 
Everts,  Charles, 
Gibson,  Victor  R., 
Grenier,  Dr.  Ernest, 
Gridley,  Edward, 
Hughes,  David  T., 
King,  Henry,     '. 
Meister,  Herman, 
Miles,  Fred.  P., 
Miles,  William, 
Myers,  Santiago  L., 
Murphy,  John  G., 
JNeu,  Gustave  S., 
Nichols,  Ralph, 
Phelps,  Walter, 
Trowbridge,  Prof   Wm.  P 


Brinkerhoft",  George  C. 
Nambu,  Kingo, 


MEMBERS. 

Cambridge,  Mass. 

Cheltenham,  Mo. 

New  Brighton,  Staten  Island,  N.  Y. 

Ore  Hill,  Litchfield  Co.,  Conn. 

St.  Louis,  Mo. 

School  of  Mines,  Golden  City,  Colorado. 

Wassaic,  Dutchess  Co.,  N.  Y. 

Nevada  City,  California. 

Allegheny  City,  Pa. 

Washington  University,  St.  Louis,  Mo. 

Copake  Iron  Works,  Columbia  Co.,  N.  Y. 

Copake  Iron  Works,  Columbia  Co.,  N.  Y. 

New  York  City. 

Orinoco  Exploring  and  Mining  Co.,  Phila. 

New  York  City. 

Nyack,  N.  Y. 

Irondale,  Dutchess  Co.,  N.  Y. 

School  of  Mines,  New  York  City. 

ASSOCIATES. 

School  of  Mines,  New  York  City. 
School  of  Mines,  New  York  City. 


On  recommendation  of  the  Council,  Mr.  Robert  W.  Hall  was 
changed  from  associate  to  member. 

The  following  resolutions,  adopted  by  the  Council,  were  then 
communicated  to  the  Institute: 

Whereas,  On  May  28th,  1877,  the  Scientific  Publishing  Company  gave  notice 
of  its  desire  to  discontinue  the  existing  arrangement  regarding  the  publication 
of  the  papers  of  the  Institute. 

Resolved,  That  the  Institute  gratefully  acknowledges  the  important  aid  and 
service  of  its  publication,  the  Engineeriiig  and  Mining  Journal,  both  within  and 
beyond  the  terms  of  the  contract. 

Resolved,  That  the  Institute  accepts  the  notice  of  the  Scientific  Publishing 
Company,  to  take  effect  December  31st,  1877. 

Resolved,  That  the  Institute  will  not  enter,  at  present,  into  an  arrangement 
with  any  technical  newspaper  regarding  publication. 
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Resolved,  That  the  Secretary  is  hereby  authorized  to  print  the  papers  accepted 
by  the  Council  for  distribution  to  members,  exchanges,  and  otherwise  as  author- 
ized by  the  Committee  on  Publications,  the  said  papers  to  be  issued  in  pamphlet 
form,  bearing  the  words  "subject  to  revision,"  and  that  after  such  time  for  re- 
vision shall  have  elapsed  as  the  Committee  on  Publications  may  prescribe,  the 
papers  shall  be  published  in  the  Transactions. 

The  following  papers  were  then  read  : 

The  Electrolytic  Deposition  of  Copper,  by  iS".  S.  Keith,  of  New 
York  City. 

The  Goderich  Salt  Deposit,  by  Oswald  J.  Heinrich,  of  Goderich, 
Canada. 

The  Missing  Ores  of  Iron,  by  Prof.  P.  Frazer,  Jr.,  of  Philadel- 
phia. 

What  is  a  Pipe  Vein  ?  by  Dr.  E.  W.  Raymond,  of  New  York  City. 

The  following  papers  were  read  by  title : 

The  New  Dressing  "Works  at  Clausthal,  by  J.  C.  Randolph,  of 
New  York  City. 

The  Cost  of  Boilers  erected  at  the  Edgar  Thomson  Steel  Works 
during  the  years  1873,  1874,  1875,  by  P.  Barnes,  of  Plainfield,  N.  J. 

Results  of  Analyses  of  Blast  Furnace  Gases,  by  C.  A.  Colton, 
School  of  Mines,  New  York  City. 

The  Stone  Hill  Copper  Mine,  Alabama,  by  R.  P.  Rothwell,  of 
New  York  City. 

On  Accurate  Measurements  of  Base  Lines  for  Triangulation  with 
Steel  Tapes,  by  Prof  H.  S.  Muuroe,  School  of  Mines,  New  York 
City. 

The  following  resolution  of  thanks  was  then  passed : 

Kesolved,  That  the  thanks  of  the  Institute  are  hereby  presented  to  the  fol- 
lowing gentlemen  and  companies  for  the  cordial  reception  which  they  extended 
to  the  Institute,  and  for  the  excursions  which  they  have  provided  : 

First,  and  most  heartily,  to  Mr.  J.  F.  Lewis,  who  has  conducted  with  rare 
ability  the  arrangements  and  excursions  of  the  meeting,  through  mines  and 
works,  and  over  railroads  occupying  a  large  territory,  and  has  thereby  con- 
tributed most  largely  to  the  success,  profit,  and  pleasure  of  the  meeting. 

Also,  to  the  citizens  of  Amenia  for  their  kind  reception  and  entertainment; 
to  the  Manhattan  Iron  Company,  represented  by  Mr.  J.  F.  Lewis ;  to  Messrs. 
N.  Gridley  &  Son,  proprietors  of  the  Gridley  Mine  and  Wassaic  Furnace,  and 
to  their  mining  superintendent,  Mr.  John  M.  Haskins;  to  the  Borden  Condensed 
Milk  Company,  represented  by  Mr.  Noah  Bishop  and  Mr. -Miles  K.  Lewis,  for 
their  very  acceptable  entertainment ;  to  Gen.  Walter  Phelps,  manager  of  the 
Irondale  Furnace  of  the  Millerton  Iron  Company;  to  Mr.  Frederick  Miles, 
proprietor  of  the  Copake  Iron  Works,  for  his  cordial  reception  at  his  works, 
also  for  transportation  to  Mount  Washington  and  hospitable  entertainment 
there;    to  Mr.  George  Williams,  lessee  of  the  Weed  Ore   Bed;    to  Mr,  C.  S. 
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Maltby,  proprietor  of  the  Phcenix  Furnace;  to  Mr.  P.  B.  Evert?,  President  of 
the  Old  Hill  Mine,  at  Ore  Hill  ;  to  the  Iron  Mining  Companies  of  the  Salisbury 
District ;  to  the  Barnum-Richardson  Company,  and  its  superintendents  and 
managers,  Mr.  Rutledge  Wilbur  at  the  Amenia  Mine,  Col.  Harlow  P.  Harris  at 
the  Chalfield  Mine,  and  Mr.  N.  C.  Ward  at  the  East  Canaan  Furnace ;  to  Gov. 
A.  H.  Holley,  fur  his  valuable  historical  address  and  for  his  most  pleasant 
reception  at  his  residence;  to  Messrs.  CofBng,  Bobbins,  Burget,  and  Kniffen, 
representing  the  Berkshire  County  Iron  Works,  in  Massachusetts  ;  to  the  Rich- 
mond Iron  Company,  for  the  interesting  exhibits  of  its  works  and  agreeable 
entertainment;  to  the  New  York  and  Harlem,  the  Connecticut  Western,  and 
the  Housatonic  Railroad  Companies,  for  excursion  trains  ;  and  to  the  Boston 
and  Albany  Railroad  Company,  for  permission  to  pass  over  its  road. 

The  Meeting  was  then  declared  adjourned. 

EXCURSIONS. 

The  excursions  projected  by  the  local  committee,  in  which  it  had 
the  hearty  co-operation  of  the  proprietors  and  managers  of  the 
mines  and  works,  were  admirably  arranged  and  successfully  carried 
out.     The  following  is  a  concise  list  of  the  places  visited  : 

Wednesday  morning. — The  Manhattan  Mine,  under  the  manage- 
ment of  Mr.  J.  F.  Lewis,  was  first  inspected,  conveyance  by  carriage 
being  provided.  The  members  were  next  taken  to  the  Gail  Borden 
Condensed  Milk  Works,  at  Wassaic,  where  they  were  received  by 
Mr.  Noah  Bishop  and  Mr.  Miles  K.  Lewis.  After  inspection  of 
the  process,  the  party  was  refreshed  by  a  luncheon  provided  by  the 
company.  The  Wassaic  Furnace  was  then  visited,  under  the 
guidance  of  Mr.  N.  H.  Gridley  and  Mr.  Ed.  Gridley.  After  re- 
turning to  Amenia,  the  mines  in  the  immediate  vicinity  were  visited, 
— the  Gridley  Mine  and  the  Amenia  Mine,  the  former  under  the 
superintendence  of  Mr.  John  M.  Haskins,  and  the  latter  of  Mr. 
Rutledge  Wilbur. 

On  Thursday  morning,  the  party  left  Amenia  on  special  train  on 
the  Harlem  Railroad,  stopping  first  at  Irondale,  to  visit  the  furnace 
of  the  Millerton  Iron  Company,  under  the  courteous  guidance  of 
the  manager.  General  Walter  Phelps ;  thence  to  the  Weed  Ore  Bed, 
at  Boston  Corners,  Mr.  George  Williams,  lessee;  thence  to  the 
Copake  Iron  Works.  Mr.  Frederick  Miles,  the  proprietor,  after  ex- 
hibiting his  works  and  products,  M'^ith  generous  hospitality  conveyed 
the  members  in  carriages,  by  way  of  Bashbish  Falls,  to  Mount 
Washington,  where  he  had  provided  dinner  for  the  party.  After 
dinner.  Mount  Everett  was  ascended,  and  a  grand  view  of  the  sur- 
rounding country  obtained.  The  party  then  returned  by  carriage 
and  rail  to  Amenia. 
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On  Friday  morning,  the  Institute  went  on  the  Harlem  road  to 
Millerton,  where  a  special  train  was  provided  by  the  Connecticut 
Western  Railroad.  The  Phoenix  Furnace,  of  Mr.  C.  S.  Maltby,  at 
Millerton,  was  first  visited;  thence  to  Ore  Hill,  where  the  Old 
Salisbury  Mine  was  inspected ;  thence  to  the  Chatfield  Mine,  owned 
by  the  Barnum-Richardson  Company  and  the  heirs  of  HoUey  & 
Coffing,  where  Col.  Harlow  P.  Harris  received  the  party  with 
abundant  cordiality;  thence  to  Lakeville  for  dinner,  opportunity 
being  here  offered  to  visit  the  extensive  cutlery  works  of  the  Holley 
Manufacturing  Company.  After  dinner,  the  party,  passing  en  route 
the  Twin  Lakes,  visited  the  East  Canaan  Furnace  of  the  Barnum- 
Richardson  Company,  under  the  guidance  of  Mr.  W.  C.  W.  Barnum 
and  Mr.  N.  C.  Ward ;  thence  to  Allen's  Marble  Quarry,  Mr.  Maxwell, 
lessee,  where  marble  was  being  quarried  for  the  new  State  House  at 
Hartford. 

The  party  returned  to  Lakeville  for  the  night,  and  were  enter- 
tained by  Gov.  Holley  at  his  residence  in  tlie  evening. 

On  Saturday  morning,  the  party,  strongly  reinforced  in  numbers 
by  ladies  of  Lakeville,  took  a  special  train  on  the  Connecticut  Western 
Railroad  to  Davis  Ore  Bed  (Forbes  Ore  Bed  Company);  thence  by 
special  train  on  the  Housatonic  Railroad  to  the  Falls  of  Fall  Village ; 
thence  through  Great  Barrington  to  the  Van  Deuzenville  Furnace 
of  the  Richmond  Iron  Company;  thence  to  the  anthracite  furnace 
of  the  Pomeroy  Iron  Works,  at  West  Stockbridge,  Mr.  W.  M. 
Kniffen,  general  agent,  who  conducted  the  party  through  the  works; 
thence  to  the  Leet  Mines,  leased  by  the  Richmond  Iron  Works,  and 
the  Hudson  Iron  Company's  mine,  Mr.  R.  Van  Buskirk,  superin- 
tendent; thence  to  the  State  Line  on  the  Boston  and  Albany  Rail- 
road, and  to  the  Richmond  Iron  Company's  Works,  at  Richmond, 
Massachusetts. 

After  inspection  of  the  latter  works,  the  members  assembled  at  the 
office  of  the  company,  where  they  were  most  cordially  welcomed 
and  hospitably  entertained  by  Mr.  J.  H.  Coffing,  on  behalf  of  the 
Richmond  Iron  Company. 

Passing  over  the  Boston  and  Albany  Railroad  to  Pittsfield,  where 
some  of  the  members  left  for  the  East,  the  party  continued  down 
on  the  Housatonic  Railroad  to  Canaan,  connecting  there  with  the 
Connecticut  Western  train  for  Millerton,  on  the  Harlem  road,  and 
thence  proceeded  to  New  York. 
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PHILADELPHIA    MEETING, 

February,  1878. 

The  first  session  was  held  in  the  rooms  of  the  American  Philo- 
sophical Society,  on  Tuesday  evening,  February  26th. 

The  President,  Dr.  T.  Sterry  Hunt,  called  the  meeting  to  order, 
and  after  a  few  introductory  remarks  concerning  the  importance  of 
theoretical  and  speculative  science,  which  often  involves  principles 
of  the  highest  economic  value,  and,  more  than  all  that,  serves  to  en- 
large our  conceptions  of  the  universe,  and  ennoble  us,  by  the  cultiva- 
tion which  it  affords  to  our  most  exalted  faculties,  proceeded  to  dis- 
cuss some  points  in  the  chemistry  of  the  atmosphere. 

It  is  known  that  there  is  in  the  crust  of  the  earth  a  great 
amount  of  oxidized  carbon,  not  only  in  the  shape  of  coal,  but  also 
in  the  graphite  or  plumbago  of  the  crystalline  rocks,  in  the  various 
bituminous  shales  or  pyroschists,  which  are  found  in  all  succeeding 
rock-formations,  and  also  in  the  forms  of  bitumen  and  petroleum. 
All  the  analogies  of  nature  lead  us  to  conclude  that  these  various 
carbonaceous  substances  have  had  an  organic  origin,  and  have  been 
generated  by  the  deoxidation  of  carbonic  acid,  a  process  effected  by 
the  growing  plant,  and  attended  with  the  liberation  of  oxygen.  He 
showed  that  the  carbon  of  a  layer  of  coal  covering  the  whole  earth's 
surface  to  the  thickness  of  one  meter,  would,  in  its  production  from 
carbonic  dioxide,  liberate  an  amount  of  oxygen  equal  to  that  now 
present  in  our  atmosphere.  But  bituminous  coal  contains  also  a 
large  amount  of  hydrogen,  derived  from  the  deoxidation  of  water, 
which  implies  the  liberation  of  a  farther  portion  of  oxygen.  The 
amount  from  this  latter  source  would  equal,  for  the  various  coals  and 
asphalts,  from  one-eighth  to  one-fourth,  and,  for  the  petroleums,  one- 
half  of  that  set  free  in  the  deoxidation  of  the  carbon  which  these 
hydrocarbonaceous  bodies  contain.  From  what  we  know  of  the  com- 
position of  the  stratified  rocks,  it  is  probable  that  they  include  an 
amount  of  deoxidized  carbon  and  hydrogen  many  times  greater  than 
that  contained  in  a  layer  of  coal  one  meter  in  thickness,  and,  con- 
sequently, that  the  disengaged  oxygen  in  past  ages  must  have  far 
exceeded  that  now  present  in  our  atmosphere.    To  this  must  be  added 
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also  the  oxygen  set  free  in  the  generation  of  metallic  sulphides  by 
the  deoxidation  of  sulphates,  which  is  effected  through  the  agency 
of  organic  matters;  a  process  which  finally  gives  to  the  atmosphere 
the  oxygen  of  the  sulphates.  How  far  the  excess  of  oxygen  from 
these  various  sources  may  have  been  consumed  in  the  peroxidation 
of  the  ferrous  oxide  liberated  in  the  decay  of  the  silicates  of  crystal- 
line rocks,  cannot  be  estimated. 

But  the  amount  of  carbonic  dioxide  removed  from  the  air  by 
vegetation  is  small,  when  compared  with  that  absorbed  in  the  pro- 
duction of  limestone.  Calculations  show  that  there  has  been  con- 
sumed, in  this  way,  a  quantity  of  this  gas  equal,  probably,  to  not 
less  than  two  hundred  atmospheres  of  the  weight  of  our  present 
one.  At  temperatures  at  which  life  can  exist,  however,  a  pressure 
of  less  than  one-half  that  amount  would  reduce  carbonic  dioxide  to 
a  liquid.  Unless,  then,  we  admit  that  vegetable  and  animal  life 
could  exist  under  such  conditions,  we  must  suppose  that  this  amount 
of  gas  was  not  present  at  any  one  time  in  the  atmosphere,  but  was 
supplied  from  some  external  source,  as  fast  as  it  was  consumed  in  the 
generation  of  limestone  and  coal. 

It  was  then  shown  that  this  source  could  not  be  found  in  the 
earth's  interior,  so  tjiat  we  are  driven  to  the  hypothesis  that  a  sup- 
ply of  carbonic  dioxide  has  come  from  beyond  our  earth.  If  we  sup- 
pose that  our  atmosphere  is  not  terrestrial,  but  cosmical, — that  it  is, 
in  short,  a  portion  of  a  universal  elastic  medium,  which  constitutes 
the  interstellary  ether,  extending  throughout  all  space,  and  con- 
densed around  centres  of  attraction  according  to  their  mass  and 
temperature, — we  may  conclude,  from  the  laws  of  static  equilibrium, 
and  of  the  diffusion  of  gases,  that  any  disturbance  in  the  composi- 
tion of  our  terrestrial  atmosphere,  whether  due  to  the  disengagement, 
or  to  the  absorption  and  condensation,  of  any  gas  or  vapor,  would 
affect  the  universal  atmosphere.  In  this  way,  the  fixation  of  carbonic 
dioxide  at  the  surface  of  our  own,  or  of  any  other  planet,  would  bring 
in  fresh  supplies  of  this  gas  from  outer  space;  and  in  like  manner 
any  excess  of  oxygen  gas  which  had  been  liberated,  would  be  dissi- 
pated. 

Such  a  hypothesis  is  not  wholly  new,  as  it  had  been  foreshadowed 
by  Sir  William  R.  Grove,  more  than  thirty  years  since,  and  had, 
moreover,  been  considered  in  some  of  its  bearings  by  Mattieu  Wil- 
liams, and  in  some  others,  by  the  speaker,  in  an  essay  published  in. 
1874.  The  relation  of  these  secular  changes  in  the  constitution  of 
the  atmosphere  to  the  climate  of  former  geologic  periods  was  noticed. 
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and  it  was  shown  that  we  liave  here  an  explanation  of  the  tropical 
climate  formerly  prevailing  in  polar  regions,  and  of  the  slow  refrig- 
eration which  can  be  traced  through  the  tertiary  ages  down  to  our 
own  time.  Its  bearings  on  the  various  hypotheses  of  former  glacial 
periods  are  also  important. 

The  spectroscope  has  taught  us  the  similarity  of  chemical  composi- 
tion throughout  the  worlds,  but  the  considerations  which  have  been 
set  forth  to-night  lead  us  to  the  conclusion  that  ties  more  material 
'  than  the  pulses  of  light  bind  us  to  the  outer  universe,  and  that  there 
is  no  physical  change  going  on  in  our  atmosphere  that  does  not 
involve  consequences  which  are  felt  throughout  all  worlds. 

The  following  papers  were  then  read  : 

The  Manufacture  of  Artificial  Fuel  at  Port  Richmond,  Phila- 
delphia, by  E.  F.  Loiseau,  of  Philadelphia. 

The  Economy  to  be  effected  by  the  use  of  Red  Charcoal,  by 
Bernard  Fernow,  of  Brooklyn,  N.  Y. 

Manganese  Pig,  by  Dr.  R.  W.  Raymond,  of  New  York  City. 

The  second  session  was  held  on  Wednesday  morning,  in  the  hall 
of  the  Franklin  Institute,  when  the  following  papers  were  read  : 

The  Mesozoic  Formation  in  Virginia,  by  Oswald  J.  Heinrich,  of 
Philadelphia. 

Pulverized  Zinc,  and  its  uses  in  Analytical  Chemistry,  by  Dr. 
Thomas  M.  Drown,  Lafayette  College,  Easton,  Pa. 

The  Fire  Clays  and  associated  Plastic  Clays,  Kaolins,  Feldspars 
and  Fire  Sands  of  New  Jersey,  by  Prof.  J.  C.  Smock,  Rutgers  Col- 
lege, New  Brunswick,  N.  J. 

Note  on  the  "  Blue  Process  "  of  Copying  Tracings,  by  P.  Barnes, 
of  Plainfield,  N.  J. 

The  third  session  was  held  on  Wednesday  afternoon,  in  the  hall 
of  the  Academy  of  Natural  Sciences,  when  the  following  papers  were 
read : 

The  Nickel  Ores  of  Orford,  Quebec,  Canada,  by  W.  E.  C.  Eustis, 
of  Boston,  Mass. 

Note  on  the  Drainage  of  a  Flooded  Ore  Bank,  by  J.  Bh-kinbine, 
of  Philadelphia. 

The  Strength  of  Wrought  Iron  as  affected  by  its  Composition, 
and  by  its  Reduction  in  Rolling,  by  A.  L.,  Holley,  of  New  York 
City. 
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An  Improved  Tripod  for  Surveying  Instruments,  by  Prof,  J.  H. 
Harden,  University  of  Pennsylvania,  Philadelphia. 

A  Suspended  Signal  for  Surveying,  by  Prof.  Henry  S.  Munroe, 
School  of  Mines,  New  York  City. 

On  Wednesday  evening  the  members  attended  a  reception  given 
to  the  Institute  by  the  Engineers'  Club  of  Philadelphia,  at  the  Penn 
Club. 

The  fourth  and  concluding  session  was  held  on  Thursday  morn- 
ing, in  Memorial  Hall,  Centennial  Grounds. 

The  following  persons,  duly  proposed  and  recommended  by  the 
Council,  were  elected  to  membership  in  the  Institute. 
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Bovey,  Prof.  Henrj'  T., 
Bulley,  Reginald  H.,   . 
Davis,  Chester  B., 
Ferguson,  E.  M., 
Hahn,  H.  C, 
Hamilton,  Alexander, 
Hamilton,  Emery  M., 
Kioman,  Andrew, 
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The  following  papers  were  then  read  : 

Some  'New  Points  in  the  Geology  of  Lancaster  County,  Pa.,  by 
Prof.  Persifor  Frazer,  Jr.,  of  Philadelphia. 

The  use  of  Red  Charcoal  in  the  Blast  Furnace  (discussion  of  Mr. 
Fernow's  paper),  by  William  Kent,  Pittsburgh,  Pa. 

Remarks  on  some  Minerals  from  Sterling  Hill,  N.  J.,  by  Prof. 
G.  A.  Koenig,  University  of  Pennsylvania,  Philadelphia. 

Mr.  J.  S.  Alexander,  Chairman  of  the  Museum  Committee  of  the 
Institute,  made  the  following  communication  : 

The  committee  acknowledges  the  care  bestowed  upon  the  collection  by  the 
Pennsylvania  Museum  and  the  International  Exhibition  Company  since  its  in- 
stallation in  Memorial  Hall. 

The  present  arrangement  for  the  space  occupied  expires  May  10th  next,  when 
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a  change  in  the  place  of  deposit  may  be  decided  upon  with  a  view  of  securing 
for  the  collection  greater  permanence  and  fuller  installation.  This  matter  will  be 
the  subject  of  a  full  report  at  the  next  annual  meeting  of  the  Institute. 

As  some  of  the  foreign  donations  contain  material  which  under  a  strict  con- 
struction of  the  customs  laws  is  subject  to  duty,  examinations  and  appraisement 
have  been  made  by  the  customs  officials,  and  duties  to  the  extent  of  $2444  levied  ; 
but  while  advertised,  no  part  of  the  collection  has  been  sold  as  yet,  the  sale  having 
been  stayed  till  May  to  await  Congressional  action.  A  resolution  remitting  these 
charges  has  been  introduced  in  the  House  by  the  Hon.  A.  S.  Hewitt,  and  favor- 
ably reported  back  from  committee,  but  has  gone  no  further.  The  members  of 
the  Institute  are  requested  to  urge  upon  Congress  the  favorable  consideration  of 
this  resolution. 

A  communication  has  been  received  from  the  German  government  requesting  a 
collection  of  Claiborne  (Ala.)  Tertiary  and  New  York  Silurian  fossils,  and  offering 
in  exchange  a  collection  of  Kiidersdorf  shells.  Prof.  E.  A.  Smith,  State  Geolo- 
gist of  Alabama,  has  already  sent  in  as  a  nucleus  a  collection  of  well-prepared 
Claiborne  shells.  Members  having  it  in  their  power  to  assist  in  this  matter  are 
requested  to  co-operate  with  the  Museum  Committee  to  make  the  collection 
worthy  of  the  Institute. 

The  following  papers  were  then  read  by  title : 

The  Late  Operations  on  the  Mariposa  Estate,  by  C.  M.  Rolker, 
of  Reno,  Nevada. 

Memoranda  showing  the  Percentage  of  the  different  Expense  Ac- 
counts in  Mining  Hematite  Ore  at  Manhattan  Mine,  Sharon  Station, 
N.  Y.,  by  J.  F.  Lewis,  of  Amenia,  N.  Y. 

Note  on  the  Cost  of  the  Converting  Works  of  the  Edgar  Thom- 
son Steel  Company,  by  P.  Barnes,  of  Plainfield,  N.  J. 

An  Index  of  Official  Geological  Reports  of  States  and  Territories, 
by  Prof.  Frederick  Prime,  Jr.,  of  I^afayette  College,  Easton,  Pa. 

The  following  resolution  was  then  offered,  and  unanimously 
adopted  : 

Resolved,  That  the  cordial  thanks  of  the  Institute  be  expressed  to  the  American 
Philosophical  Society,  the  Franklin  Institute,  the  Academy  of  Natural  Sciences 
of  Philadelphia,  and  the  Pennsylvania  Museum  and  School  of  Industrial  Art, 
for  their  liberal  offers  of  accommodation  for  the  sessions  of  the  In^titut*^;  to  the 
Pennsylvania  Academy  of  Fine  Arts  and  the  Permanent  Exhibition  Company 
for  their  courteous  invitations  to  visit  their  collections,  and  to  the  Engineers' 
Club  of  Philadelphia  for  its  verj'  enjoyable  reception  and  hospitality. 

The  President,  Dr.  Hunt,  announced  that  the  Council  had  under 
consideration  the  feasibility  of  holding  the  May  meeting  of  the  In- 
stitute in  Chattanooga,  in  accordance  with  the  invitation  given  by 
General  Wilder  at  the  Wilkes-Barre  meeting.  Due  notice  would 
be  given  when  the  arrangements  were  completed. 
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Dr.  Raymond  moved,  in  view  of  the  southern  locality  of  the  pro- 
jected meeting,  that  the  Council  be  authorized  by  the  Institute  to 
change  the  time  of  the  next  meeting  if  it  be  thought  desirable  or 
necessary.  He  said  that  this  action  would  doubtless  be  necessary  to 
legalize  the  elections  of  the  annual  meeting.    The  motion  was  carried. 

The  following  notices  of  amendments  to  the  Rules,  to  be  acted  on 
at  the  annual  meeting,  were  given  : 

By  Mr.  A.  L.  HoUey :  To  amend  Rule  VI,  referring  to  meet- 
ings, so  as  to  change  the  time  of  the  annual  meeting  from  May  to 
February,  the  date  of  this  annual  meeting  to  be  the  third  Tuesday 
of  February ;  and  further,  that  the  other  two  meetings  in  spring  and 
fall  shall  be  held  at  such  times  and  places  as  the  Council  may  de- 
cide. Also,  to  amend  Rule  III,  with  reference  to  the  dues  of  mem- 
bers elected  at  the  February  meeting,  to  accord  with  the  amendments 
to  Rule  YI. 

By  Prof.  F.  Prime :  To  amend  Rule  III  by  taking  out  the  pas- 
sage, "  and  members  and  associates  permanently  residing  in  foreign 
countries,  excepting  Canada,  shall  be  liable  to  such  annual  or  other 
payments  only  as  the  Council  may  impose  to  cover  the  cost  of  sup- 
plying them  with  publications;"  also  to  amend  Rule  II  by  taking 
out,  "  and  members  and  associates  permanently  residing  in  foreign 
countries  shall  not  be  entitled  to  vote  or  to  be  members  of  the 
Council." 

After  a  few  congratulatory  remarks  by  the  President  the  meeting 
was  declared  adjourned. 
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Secretary's  and  Treasurer's  Statement  of  Receipts  and  Disbursements 
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[The  papers  following  comprise,  with  a  few  exceptions,  all  the  papers  read 
at  the  three  meetings,  but  owing  to  the  change  of  system  of  preliminary  publica- 
tion it  has  not  been  found  convenient,  in  this  volume,  to  preserve  the  order  in 
which  they  were  readS\ 


HYDRAULIC  MINING  IN  CALIFORNIA. 

BY  AUG.  J.    BOWIE,  JR.,  A.B.,  MINING  ENGINEER,  SAN   FRANCISCO,  CAL. 

(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

BRIEF  OUTLINE  OF  THE  GENERAL  TOPOGRAPHY  OF  THE  GOLD 
REGIONS  OF  CALIFORNIA. 

The  topographical  features  of  California,  as  demonstrated  by  the 
explorations  of  tlie  State  Geological  Survey,  are  found  to  be  exceed- 
ingly simple.  Three  equidistant  parallel  lines  can  be  used  in  con- 
veying a  general  idea  of  the  physical  geography  of  Central  Cali- 
fornia. 

A  straight  or  "  main  axial  line,"  whose  course  would  be  north 
31°  west,  passing  through  the  culminating  peaks  of  the  Sierra  for  a 
distance  of  five  hundred  miles,  can  be  assumed  as  the  eastern  bound- 
ary of  the  State.  A  second  parallel  drawn  fifty-five  miles  west  of  the 
"  main  axial  line"  will  skirt  tJie  western  base  of  the  Sierra  Nevada, 
along  the  edge  of  the  foot-hills.  A  third  parallel  run  equidistant 
from  the  second  will  represent  "as  nearly  as  possible  the  western 
base  of  the  Coast  Ranges."  These  parallel  lines  divide  the  State  into 
three  belts,  namely,  the  Sierra,  the  Great  Valley  of  California,  and 
the  Coast  Ranges. 

"  This  arrangement  of  the  physical  features  holds  good  for  a 
length  of  four  hundred  miles  in  the  direction  of  the  main  axial 
line,  comprising  almost  the  whole  of  the  agricultural  and  the 
greater  part  of  the  mining  districts."* 

The  section  of  the  country  which  is  of  immediate  interest  to  the 
miner  is  the  western  slope  of  the  Sierras.  These  mountains,  rising 
in  a  short  distance  from  the  Sacramento  plains  to  elevations  of  over 
seven  thousand  feet,  with  occasional  peaks  ten  and  twelve  thousand 
feet  high,  are  cut  by  numerous  deep  and  precipitous  gorges  or  canons, 
through  which  drains  the  immense  watershed  of  the  Sierra,  supply- 
ing the  main  rivers  of  the  State  and  ultimately  emptying  into  the 
Pacific  Ocean. 

Between  these  canons,  ridges  or  divides  are  formed,  on  top  of 

*  See  vol.  i,  p.  5,  Geological  Survey  of  California.  J..  D.  Whitney,  State 
Geologist. 
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which  gold  placers  are  found.  These  gold-bearing  surface  deposits 
extend  from  Shasta  in  the  north  to  Kern  County  in  the  south,  the 
most  extensive  deposits  occurring  in  Plumas,  Sierra,  Placer,  and 
Nevada  counties.  The  term  shallow  placers  is  applied  to  deposits 
of  gravel  and  earth  whose  thickness  varies  from  a  few  inches  to  five 
or  six  feet  in  depth,  to  distinguish  them  from  deep  placers  or  detrital 
accumulations  found  in  ancient  channels  covering  large  areas,  and 
varying  from  one  hundred  to  several  hundred  feet  in  depth. 


THE    DISCOVERY    OF    THE   GRAVEL    DEPOSITS    CONTAINING   THE 
PRECIOUS    METAL. 

The  pioneer  miner,  after  working  out  the  river  bars,  followed  up 
the  stream  to  find  "the  source  of  the  gold."  Its  existence  was 
discovered  from  slides,  denudations,  and  breaks  in  the  channels, 
which  subsequent  explorations  proved  to  be  the  ancient  river  system 
of  the  State,  whose  general  course  is  nearly  at  right  angles  to  the 
present  river  system  of  California. 

The  indefatigable  prospector  advancing  further  into  the  unex- 
plored mountains  again  discovered  gravel-beds  at  elevations  of 
several  thousand  feet  above  the  present  water-level.  The  streams 
flowing  through  the  precipitous  canons  of  the  high  Sierra  aided 
materially  in  the  development  and  discovery  of  the  gold-fields. 
Their  waters  were  soon  appropriated  for  gold-washing,  and  thus  was 
inaugurated  the  system  of  mining-ditches,  which  to-day  extends  over 
several  thousand  miles. 

The  immense  gold-bearing  drift  inclosed  .between  channel  walls, 
or  "  rim  rock,"  as  it  is  called,  was  explored  by  means  of  tunnels 
driven  in  from  bordering  canons,  tapping  the  bottom  of  the  deposit, 
enabling  the  extraction  of  the  pay  stratum,  which  was  subsequently 
sluiced  to  extract  the  gold.  This  style  of  mining  received  the  name 
of  "  deep  placer  mining."* 

Little  by  little  the  "top  dirt"  of  these  deposits,  composed  chiefly 
of  light  soil,  clay,  fine  gravel,  and  streaks  of  sand,  was  washed  off, 
and  in  places  considerable  gold  was  thus  obtained.  Canvas  hose 
was  brought  into  use  to  convey  the  water  over  the  banks  for  wash- 
ing the  dirt,  and  from  this  originated  hydraulic  raining.     In  the 

*  Deep  placer  minin*^  is  now  carried  on  in  those  sections  of  the  State  where 
the  rich  deposits  ace  covered  with  thick  beds  of  hiva,  rendering  hydraulic 
mining  impracticable. 
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progress  of  the  work  strata  were  found  composed  of  boulders, 
pebbles,  quartz,  sand,  and  various  rocks  cemented  together,  requiring 
the  use  of  powder  to  break  them  up.  The  color  of  this  cement  was 
in  places  white  or  reddish,  and  sometimes  blue. 

Shafts  sunk  in  these  strata  discovered  the  presence  of  gold  in 
great  abundance,  and  a  fresh  enthusiasm  was  thus  infused  into 
gravel  mining,  already  on  the  wane,  as  the  river  bars  w^ere  becom- 
ing exhausted. 


THE   GOLD-BEARING    DEPOSITS   OF    CALIFORNIA. 

The  auriferous  deposits  of  California  are  chiefly  confined  to  the 
western  slope  of  the  Sierra  Nevada  Mountains.  The  principal 
counties  in  which  placer  mining  is  carried  on  are  Shasta,  Trinity, 
Plumas,  Sierra,  portions  of  the  east  side  of  Butte  and  Yuba  counties, 
also  Nevada,  Placer,  El  Dorado,  Amador,  Calaveras,  Tuolumne, 
Mariposa,  and  Stanislaus  counties.  "  It  is  here,"  says  Professor 
Whitney,  "  that  the  belt  of  metamorphic  slates  and  sandstones,  which 
is  peculiarly  the  gold-bearing  formation  of  the  State,  is  developed  to 
its  greatest  width,  and  least  concealed  from  the  miners'  explorations 
by  the  presence  of  overlying  non-metalliferous  formations.  It  is 
here  that  the  physical  conditions  have  most  favored  the  concentration 
of  the  gold  in  the  detrital  formation,  so  that  it  could  be  obtained  by 
simple  washing,  without  the  necessity  of  mining  for  it  in  the  solid 
rock,  and  perhaps  more  readily  and  more  abundantly  than  any 
region  ever  opened  to  seekers  after  the  precious  metal."* 

The  gold  deposits  are  found  in  river  channels,  in  basins,  and  on 
flats;  also  as  isolated  and  rolling  hills;  and  occur  either  as  accumu- 
lations of  gravel  alone,  resting  directly  on  the  surface,  or  as  accumu- 
lations of  detritus,  consisting  of  gravel,  sand,  drift,  pebbles  and 
boulders  of  all  sizes,  covered  with  lava  and  other  volcanic  products. 
Their  geological  ages  are  Post-tertiary  and  Tertiary.  Quantities 
of  fossil  wood  and  numerous  remains  of  land  and  water  animals 
have  been  found  in  the  deposits,  and  are  being  constantly  unearthed 
as  the  mines  are  worked. 

The  auriferous  alluvions  mark  the  lines  of  ancient  rivers,  whose 
action  on  a  grand  scale  was  analogous  to  that  which  can  be  daily 
seen  along  the  streams  which  receive  the  tailings  from  the  hvdraulic 
claims  now  being  worked.    Volcanic  eruptions  have  in  places  covered 

*  Geological  Survey  of  California,  vol.  i,  p.  214.    J.  D.  Whitney. 
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these  deposits  with  lava  and  tufa,  hundreds  of  feet  deep.  Denuda- 
tion and  erosion,  the  companions  of  Time,  have  subsequently  played 
their  parts,  and  later  in  turn  the  product  of  volcanic  activity  has 
been  overlain  with  gold-bearing  detritus. 

These  gravel  channels  are  from  a  few  hundred  to  several  thousand 
feet  wide,  and  range  from  the  shallow  placer  to  a  drift  six  or  seven 
hundred  feet  in  depth.  Their  richness  in  gold  varies  in  general,  as 
well  as  in  particular,  in  the  many  parts  of  the  State. 

Ferruginous-colored  spots,  so  well  marked  in  "  upper  or  top 
gravel,"  are  not  always  as  productive  in  gold  here  as  they  are  gen- 
erally found  to  be  in  the  gold  alluvia  of  the  Ural  Mountains.  A 
black  sand,  composed  chiefly  of  glancing  grains  of  magnetic  iron, 
generally  accompanies  the  precious  metal,  though  it  does  not  indicate 
its  presence. 

Dr.  T.  Sterry  Hunt,  speaking  of  the  erroneous  impressions  whicii 
prevail  in  reference  to  the  presence  of  black  sand  in  auriferous 
alluvions,  very  appropriately  remarks  that  "similar  black  sand 
residues,  consisting  chiefly  of  various  ores  of  iron  (sometimes  oxide 
of  tin  and  other  minerals),  may  be  obtained  from  the  washing  of  almost 
all  sands  and  gravels  derived  from  crystalline  rocks,  and  that  the 
occurrence  of  a  black  sand,  therefore,  in  no  way  indicates  the  pres- 
ence of  gold.  When,  however,  this  metal  is  present  in  a  gravel,  it, 
from  its  great  weight,  remains  behind  with  the  black  sand  and  dense 
matters  in  the  residue  after  washing."* 

THE    DISTRIBUTION    OF    GOLD    IN    GRAVEL    DEPOSITS. 

It  is  not  unfrequently  stated  that  it  is  from  the  washing  of  the 
entire  banks  that  the  gold  is  to  be  expected,  it  being  disseminated 
throughout  the  whole  deposit.  That  deposits  are  or  are  not  aurifer- 
ous for  their  entire  depth  will  not  be  discussed  ;  but  that  gold  is 
proportionately  diflTused  throughout  the  detritus,  so  that  it  could  all 
be  considered  as  "  pay,"  is  denied  by  experience  and  facts,  as  proven 
in  California  and  other  parts  of  the  world. f    .It  is  owing  to  that 

*  Goologioal  Survey  of  Canada,  lloport  of  the  Progress,  1863-66,  p.  86. 

f  Deposits  between  Tagilsh  and  Ekaterin,  Die  Lehre  von  den  Erzlagerstiitten, 
Von  Cotta,  p.  556.  See  article  on  "Gold  Deposits,"  by  M.  A.  Selwin,  Geologist  of 
Victoria,  Quarterly  Journal  Geo.  St)C.,  1858,  p.  583.  See  "  Gold  Deposits  of  Jar- 
aL,ma,"  Annales  des  Mines,  1817,  vol.  ii,  p  202.  See  Gold  Deposits  of  Santa  Rita, 
Contagalio  and  Minas  Novas,  Geolo<ry  and  Physical  Geography  of  Brazil, 
Hartt,  pp.  50,  51,  159,  160  See  account  of  the  gold-Belds  of  Yesso,  "  Mineral 
"VVi'altii    of  Japan,"   Henry   S.    Munroe,    E.M.,   Transactions    American    Inst. 
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circumstance  that  miners  have  coined  the  expression  "  pay  dirt," 
which  means  that  stratum  or  those  strata  which  contain  the  bulk  of 
the  precious  metal. 

In  some  districts  gold  is  found  thirty  to  fifty  feet  above  the 
bedrock,  in  sufficiently  paying  quantities  to  wash,  and  in  some 
shallow*  banks  gold  is  quite  generally  disseminated.  Both  at  San 
Juan  and  North  Bloomfield  the  gold  is  more  or  less  scattered 
throughout  the  deep  banks,  and  diggings  near  Forest  Hill,  Placer 
County,  twenty  to  sixty  feet  above  the  bedrock,  have  yielded  profits. 

The  top-gravel  of  the  channel  deposit  which  passes  through 
Columbia  Hill,  Nevada  County,  has  in  several  instances  been  suc- 
cessfully washed.  This  is  especially  remarkable  on  account  of  the 
great  depth  of  this  deposit,  which  from  the  explorations  on  Badger 
Hi.ll  and  Grizzly  Hill,  is  inferred  to  be  six  hundred  to  six  hundred 
and  twenty  feet  deep.  With  such  facilities  as  would  be  afforded  by 
a  heavy  grade,  sufficient  dump,  and  cheap  water,  deposits  of  this 
character,  consisting  of  a  fine  light  quartz  wash,  containing  no 
boulders  or  pipe-clay,  though  they  contained  an  insignificant  amount 
of  gold  per  cubic  yard,  could  be  successfully  worked  by  the  hydraulic 
method. 

Experience  has  proved  that  the  quantity  of  gold  found  in  "  top- 
gravel"  is  insufficient  to  warrant  any  large  investment  based  solely 
on  its  value.  Under  exceptional  conditions  and  circumstances  the 
upper  strata  have  in  some  cases  yielded  handsome  returns,  but  on 
the  whole  the  general  results  have  been  anything  but  fortunate. 

It  is,  therefore,  a  well-established  fact  that  the  pay-dirt  is  ob- 
tained not  from  the  washings  of  the  entire  bank,  but  chiefly  from 
that  stratum  or  those  strataf  which  are  in  most  cases  within  eight  or 
ten  feet  of  the  bedrock.^  Where  this  is  of  slate  upturned  on  its 
edges,  the  gold  frequently  permeates§  it  one  or  two  feet.     It  also 


Mininu:  Engs.,  vol.  v,  p  236.  See  Engineering  and  Mining  Journal,  December 
2d, 1876. 

*  See  description  of  the  auriferous  deposits  at  Morse's  and  Growler's  Creeks, 
the  Gold-fields  and  Mineral  Districts  of  Victoria,  K    Brough  Smj-th,  p    84. 

f  On  the  subject  of  the  relative  position  of  gold  in  deposits,  see  report  of  Mr. 
Stutchbury,  Government  Geologist  of  N.  S.  W.  See  Die  Lehre  von  den  Erz- 
lagerstiitten.  Von  Cotta,  vol.  i,  p.  101. 

X  See  account  of  the  gold  deposits  at  Nation's  Gully,  New  Gully,  Never 
Mind  Spur,  Beechwood  District;  also  workings  at  Bahtarat,  the  Gold-fields  and 
Mineral  Districts  of  Victoria,  R.  Brough  Smyth,  pp.  81,  82,  87,  131,  and  173. 

§  See  Murchison's  description  of  "  Diggings  at  the  Soimanofsk  Mines," 
Siluria,  p.  456,  vol.  i,  Russia  and  Ural  Mountains,  p.  487;  also,  see  account  of 
the  "Gold  Deposits  in  Woods  Point  District  and  Windlass  Hill,"  Gold-fields 
and  Mineral  Districts  of  Victoria,  by  R.  Brough  Smyth,  pp.  86,  106. 
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occurs  in  tliin  streaks  of  cemented  gravel  scattered  here  and  there 
in  the  alluvial  deposits,  and  not  unfrequently  a  fine  lamina  gold  is 
found  in  the  grass  roots.* 

This  last-mentioned  circumstance  is  in  noway  localized,  as  similar 
facts  have  been  noted  in  other  countries.  Mawe  calls  attention  to 
the  existence  of  gold  in  the  grass  roots  on  Mt.  San  Antonio, f  in 
Brazil ;  and  Walsh  states  that  gold  was  first  discovered  in  the  de- 
posits between  S.  Jose  and  S.  Joao,  Brazil,  by  Paulistas,  who,  pull- 
ing tufts  of  grass,  "  found  numerous  particles  of  gold  entangled  in 
the  roots."! 

The  gold  alluvia  found  near  and  along  the  banksof  the  Tuolumne 
River,  Stanislaus  County,  present  some  striking  examples  of  the  dis- 
tribution of  the  precious  metal.  The  pay-dirt  in  the  Chesnau  Claim 
is  confined  to  within  six  feet  of  the  bedrock,  whilst  in  the  Sicard 
Claim,  situated  about  six  hundred  feet  south  of  it  and  across  a  ravine, 
with  banks  from  twenty  to  forty  feet  high,  the  gold  is  more  gener- 
ally disseminated  as  long  as  there  are  no  sand  strata,  but  whenever 
the  latter  appear  the  pay  is  confined  to  near  the  bedrock. 

Sir  Roderick  Murchison,  describing  the  gold  alluvia  of  the  rich 
mine  of  Peshanka,  near  Bogoslofsh,§  says  :  "  JMost  of  the  gold  has 
been  extracted  near  the  centre  of  the  detrital  mass,  whose  maximum 
thickness  is  about  seven  feet,  and  which  is  clearly  divisible,  as  else- 
where, into  two  parts,  viz.,  overlying  clay  and  shingle,  and  auriferous 
sand  beneath." 


*  In  reference  to  the  occurrence  of  gold,  the  following  note,  taken  from  the 
Engineering  and  Mining  Journal,  February  10th,  1877,  relative  to  the  discovery 
of  pay-gold  in  the  New  South  Wales  coal-measures,  will  be  found  interesting. 
Mr.  C.  S.  Wilkinson,  F.  R  S.,  writes  from  the  Geological  Survey  Office,  Gulong, 
under  date  of  November  25th,  to  the  Mining  Department,  as  follows  :  "  During 
my  examination  of  the  Tallawang  Gold-field  Reserve,  I  observed  the  important 
fact  that  the  gold  found  in  tertiary  alluvial  deposits  at  the  old  Tallawang  and 
Clough's  Gully  diggings  has  been  chiefly  derived  from  conglomerates  in  the 
coal-measures.     These  conglomerates  are  associated  with  beds  of  sandstone  and 

shales  containing  the  fossil  plant  of  our  coal-measures,  the  Glossopteris 

This  is  the  first  time  that  gold  has  been  noticed  to  occur  in  payable  quantity  in 
the  coal-measures  in  the  colony,  and  it  is  not  unworthy  of  remark  that  we  here 
possess  one  of  the  most  ancient  'alluvial '  deposits  in  the  world." 

t  Mawe's  Travels,  p.  264. 

X  Walsh's  Notices  of  Brazil,  1828,  1829,  vol.  ii,  p.  122.  Note —"  The  silver 
mines  of  Potosi  were  discovered  by  a  Spaniard,  who  in  ascending  the  mountain 
seized  a  bush  to  assist  him,  and  this  giving  way,  he  found  the  roots  embossed 
with  silver." 

§  Russia  and  Ural  Mountains,  Murchison,  vol.  i,  p.  482. 
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At  Minas  Novas,  in  the  Province  of  Minas  Geraes,  Brazil,  the 
"  greater  part "  of  the  gold  is  in  a  deposit  called  cascalho,  which 
adjoins  the  decomposed  bedrock.  The  cascalho  is  a  conglomerate, 
composed  of  rounded  quartz  pebbles  of  various  sizes,  which  have 
been  cemented  together  with  ferric  oxide.  "  To  this  conglomerate 
the  search  for  precious  metals  has  been  chiefly  confined.  Over  this 
gravel  lies  a  mass  of  red  drift,  varying  in  thickness  from  a  few 
inches  to  fifty  feet."* 

The  stratum  of  cascalho  mined  from  the  bed  of  the  river  Jigiton- 
honha  at  the  Mandanga  Diamond  Works,  consisted  of  the  same  mate- 
rials as  that  of  the  other  gold  districts  of  Brazil.  Large  conglom- 
erate masses  of  rounded  pebbles,  cemented  together  by  ferric  oxide, 
found  on  the  banks  of  the  stream,  occasionally  contained  gold  and 
diamonds.  The  gold  extracted  from  the  cement  gravel  at  Caparatra, 
situated  higher  up  the  river,  was  accompanied  by  a  great  abundance 
of  "  black  oxide  of  iron.^f 

In  the  Patricksville  Light  Claim,  Stanislaus  County,  Cal.,  the  pay 
stratum  is  six  or  seven  feet  thick  and  adjoins  the  bedrock.  The  gold 
is  concentrated  in  this  gravel  deposit  as  long  as  there  are  sand  strata 
in  the  bank,  but  with  their  disappearance  it  is  more  diffused  through- 
out the  detritus.  Whilst  working  this  claim  a  large  hole  in  the  bed- 
rock twenty-five  feet  deep  was  bottomed.  The  hole  \vas  filled  with 
gravel,  but  no  pay  was  obtained.  The  pay  stratum  was  found  to  be 
on  a  level  with  and  a  continuation  of  the  pay  stratum  of  the  rest  of 
the  claim.  On  the  other  hand,  at  the  Chesnau  and  French  Hill 
Claims,  whenever  these  hollows  are  found,  a  large  yield  of  gold  is 
invariably  obtained. 

The  experience  of  miners  in  the  gold-fields  of  Victoria  has  led  to 
the  conclusion  that  "in  large  auriferous  rivers  gold  is  always  found 
on  the  bars  or  point,  and  not  in  the  deep  pools  or  bends. "|  In  sub- 
stantiation of  these  facts  are  cited  Reid's  Creek,  Wool  Shed,  Twist's 
Fall,  or  Yackandandah,  near  Osborne's  Flat,  and  Rowdy  Flat;  at 
each  of  these  places  large  holes  were  cleaned  out,  and  "  only  a  few 
colors  obtained,  whilst  shallow  flats  immediately  below  them  were 
very  rich." 

At  French  Hill,  Stanislaus  County,  where  the  bedrock  was  un- 
dulating, and  in  depressions  found  around  a  little  hill  formed  by  a 

*  Geology  and  Physical  Geography  of  Brazil,  Hartt,  pp.  159-60. 

t  Mawo's  Travels,  p.  222-7. 

X  The  Gold-fields  and  Mineral  Districts  of  Victoria,  K   Brough  Smyth,  p.  134. 
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sudden  rise  in  the  bedrock,  the  gravel  paid  better  than  in  any  other 
portion  of  the  claim.  The  gold-fields  south  of  Miask*  in  the  Ural 
Mountains,  present  a  similar  case,  all  the  undulating  ground  and 
depressions  around  conical  hills  being  the  most  productive  in  gold. 
The  bulk  of  the  pay-dirt  in  the  cement  gravel  of  Nevada  County  is 
within  the  first  thirty  feet  of  the  bottom. 

INVESTIGATION  OF  THE  COMPARATIVE  VALUES  OF  THE  DIFFERENT 
GRAVEL    STRATA    AT    NORTH    BLOOMFIELD. 

It  was  the  result  obtained  by  the  North  Bloomfield  Gravel  Mining 
Company  from  washing  three  and  a  quarter  million  cubic  yards  of 
top  gravel  (1870-74),  yielding  2.9  cents  per  cubic  yard,  and  leaving 
a  profit  of  only  $2232.84,  that  determined  capitalists  interested  in 
these  claims  to  investigate  the  question  of  the  comparative  values  of 
the  upper  and  lower  gravel  deposits. 

With  their  experience  of  the  past  and  considering  the  contin- 
gencies of  proposed  explorations,  and  the  attendant  costs  of  an  enter- 
prise which  had  for  its  ultimate  aim  the  working  of  the  entire 
auriferous  deposit,  after  mature  deliberation  it  was  (as  a  preliminary 
step)  deemed  of  paramount  necessity  to  ascertain,  as  far  as  prac- 
ticable, the  relative  values  of  the  different  strata  of  the  gold-bearing 
alluvia,  so  that  they  might  judge  to  what  extent  the  prospects  would 
justify  their  expenditures.  A  series  of  explorations  was  subsequently 
carried  out  under  the  immediate  supervision  of  their  able  engineer, 
Mr.  Hamilton  Smith,  Jr.,  and  the  result  of  his  investigation  is  best 
given  in  his  own  words  :  "  To  test  the  comparative  values  of  ground 
developed  by  the  shaft-workings  and  top-gravel,  two  hundred  and 
forty  samples,  weighing  in  all  two  and  one-half  tons,  were  taken  at 
even  distances  from  the  sides  of  the  drifts,  and  the  same  quantity 
sampled  from  different  layers  of  the  upper  bank.  These  samples 
were  carefully  panned  out,  and  yielded,  the  blue  1^1. 10  per  ton,  the 
white  a  large  number  of  colors,  but  an  inconsiderable  weight  of  gold. 
The  gold  from  the  blue  dirt  was  from  50  to  100  times  heavier  than 
that  from  the  white  gravel."!  Although  the  gross  yield  from  this 
sampling  of  the  upper  gravel  was  slight,  it  is  a  noteworthy  fact  that 
in  each  of  the  240  pans  one  or  more  colors  of  gold  were  found. 

*  Kussia  and  Ural  Mountains,  Murchison,  p.  488. 

f  The  North  Bloomfield  Gravel  Mining  Co.,  Keport  by  H.  Smith,  Jr.,pp  17, 18. 
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COMPARATIVE  VALUE  OF  THE  GRAVEL  STRATA  IN  STANISLAUS 

COUNTY. 

At  the  Light  Claim,  Patricksville,  a  comparative  test  of  top  and 
bottom  gravel  was  made.  58,340  cubic  yards  top  gravel*  yielded 
2  cents  per  cubic  yard.  The  bottom  gravelf  (four  feet  deep)  was  then 
washed  up,  when  it  was  discovered  that  this  ground  had  been  ex- 
tensively drifted  ;  but  notwithstanding  this  fact,  4966  cubic  yards 
yielded  55  cents  per  cubic  yard.  A  trial  of  top  dirt  was  also  made 
at  the  Light  Claim,  La  Grange.  41.038  cubic  yards  top  dirt| 
yielded  3  cents  per  cubic  yard,  and  7242  cubic  yards  of  bottom 
dirt§  yielded  94  cents  per  cubic  yard. 

SAND   STRATA. 

In  the  gold-bearing  drift  of  the  Sierra  Nevada,  layers  consisting 
exclusively  of  wash-sand  are  generally  found  to  contain  very  little 
if  any  of  the  precious  metal. ||  In  gulch  mining  it  sometimes 
happens  that  from  the  position  of  the  bedrock  the  detrital  accumu- 
lations assume  the  form  of  reclining  cones,  the  apex  reposing  upon 
the  top  of  the  hill.  Where  such  is  the  case,  the  bulk  of  the  gold  is 
concentrated  in  the  lower  end  of  the  deposit.  These  gulches  are 
frequently  found  to  be  exceedingly  rich. 

It  is  not  within  the  scope  of  this  paper  to  discuss  the  origin  of 
auriferous  detritus,  or  in  any  way  to  account  for  the  mode  of  occur- 
rence of  gold,  but  these  general  facts  are  merely  cited  as  an  explana- 
tory outline  of  the  subject,  and  to  show  tlie  reason  why  a  system  of 
sluicing  is  adopted  which  bottoms  the  entire  deposit. 

THE    RECORDS    OF    GOLD-WASHING. 

The  early  record  of  gold- washing  extends  to  the  days  of  the 
Greeks  and  Romans.  History  has  familiarized  us  with  the  wonders 
of  the  Pactolus  and  Tagus,  and  it  is  a  fact^j  that  the  diggings  north 

*  $1-200.     t  $2775.07,  ground  two-thirds  drifted  out.     J  $1500.     §  $0709.72. 

II  From  Whiskey  Run  to  Coquille  River,  Oregon,  the  beach  sands,  formerly 
•very  rich,  have  been  extensively  worked  for  3  or  4  miles  along  the  seacoast. 
The  productive  stratum  was  a  layer  of  black  sand  1  to  2  feet  thick,  buried  from 
2  to  5  feet  below  lighter  sands.  The  gold  occurs  in  minute  particles.  This  sand 
likewise  contained  some  platinum  and  iridosmine. — Ext.  Trans.  California  Acad. 
Sciences,  W.  A.  Goodyear,  of  the  State  Geo.  Survey. 

^  Strabo,  book  iv.,  chap,  vi,  12.     Footnote  Siluria,  p.  449. 
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of  Aquitania  produced  in  two  months  such  a  large  amount  of  gold 
that  its  price  fell  33  per  cent,  throughout  the  whole  of  Italy. 

Gradually,  one  after  the  other,  the  well-known  deposits  of  the  Old 
World  have  been  exhausted.  The  alluvia  in  Siberia,  however,  kept 
alive  the  interest  in  gold-washing,  and  the  subsequent  discoveries  in 
California  and  Australia  infused  a  new  life  into  this  kind  of  mining. 
Since  that  time  gold-washing  has  been  carried  on  in  different  parts 
of  the  world  on  a  most  extensive  scale,  but  the  application  of  water 
under  great  pressure  to  "  gold  placer  mining  "  is  an  outgrowth  of 
the  present  century.  Its  use  is  chiefly  confined  to  the  Pacific  Coast, 
and  consequently  the  contributions  to  mining  literature  relative  to  its 
application  have  not  been  numerous. 

HYDRAULIC    MINING. 

It  was  left  to  the  untiring  ingenuity  of  the  California  miner  in  his 
battles  for  fortune  to  devise  the  economical  method  of  hydraulic 
mining,  by  which  mountains  of  auriferous  gravel  are  removed  through 
the  agency  of  a  continuous  stream  of  water,  extracting  the  precious 
metals  stored  away  by  nature,  and  adding  millions  of  hidden  wealth 
to  the  treasures  of  the  world. 

Independent  of  the  financial  importance  of  this  most  modern 
method  of  mining,  its  effects,  from  the  gigantic  scale  with  which  it 
is  now  carried  on,  upon  the  system  of  drainage  of  the  country  as 
well  as  the  navigation  of  rivers,  will  sooner  or  later  bring  it  in  direct 
conflict  with  agricultural  and  commercial  interests. 

Apart  from  the  construction  of  ditches  and  tunnels  necessary  for 
the  hydraulic  washing  of  the  gold-bearing  drift,  engineers,  as  a  rule, 
have  had  but  little  to  do  with  the  subsequent  working  of  this  class 
of  mines.  The  primitive  placer  mining  of  1853  to  1865  has  passed 
into  history.  Forty-inch  wrought-iron  pipes  have  been  substituted 
for  canvas  hose  and  stove-pipes,  and  with  the  replacing  of  one-inch 
streams  by  a  mass  of  water  discharged  through  nine-inch  nozzles, 
under  four  hundred  feet  pressure,  the  last  remnant  of  the  Argo- 
nauts'* method  disappeared,  and  hydraulic  mining,  with  one  gigantic 
stride,  has  become  an  operation  of  such  magnitude  as  to  require  the 
aid  of  science.    ' 

a 

*  The  name  is  generally  applied  to  those  pioneers  who  arrived  here  in  1849-50. 
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THE    DEFINITION    OF   HYDRAULIC    MINING. 

Hydraulic  mining  may  be  defined  as  the  art  of  extracting  gold 
from  gold-bearing  detritus,  i.  e.,  surface  deposits,  placers,  or  wash- 
ings, by  means  of  water  under  great  pressure  discharged  through 
pipes  against  the  auriferous  material.  In  working  gold  deposits  by 
this  method,  it  is  essential  to  success  that  there  should  be,  first, 
economical  management ;  second,  ample  facilities  for  grade  and  dump ; 
third,  a  sufficient  head  and  an  abundant  supply  of  cheap  water.  As 
regards  the  "  economical  management,"  the  same  can  be  considered 
a  sine  qua  non  for  success  in  all  enterprises,  but  it  is  especially  requisite 
here,  as  the  value  of  this  kind  of  mining  is  based  on  the  great  facility 
with  which  profitable  results  can  be  obtained  at  trifling  costs  from 
washing  vast  areas  of  ground  which  contain  relatively  per  cubic  yard 
insignificant  amounts  of  precious  metal,  but  in  the  aggregate,  when 
expeditiously  and  skilfully  worked,  give  large  remunerative  returns. 

THE    DUMP. 

Without  the  dump,  hydraulic  mining  is  an  impossibility.  On 
this  point  too  much  stress  cannot  be  placed.  Where  thousands  of 
cubic  yards  of  alluvions  are  being  daily  washed  from  their  original 
positions  into  canons,  valleys,  streams,  or  rivers,  it  is  not  the  accumu- 
lations of  a  few  months  which  must  be  considered,  but  places  must 
be  provided  at  lower  elevations,  where  the  immense  hills  of  gravel, 
when  "  hydraulicked,"*  can  be  redeposited  ;  and  in  general  a  very 
much  larger  superficial  area  for  this  is  rec|uisite  than  was  originally 
occupied  by  the  material  removed. 

It  sometimes  happens  in  claims  near  or  adjoining  one  another, 
working  with  the  same  dump  on  a  light  grade,  that  the  bedrock  in 
one  is  lower  than  that  of  the  other.  Where  this  occurs,  the  claim 
with  the  highest  bedrock  should  be  the  last  run  off,  so  as  not  to 
interfere  with  the  dump  of  the  lower  claim.  An  illustration  of  this 
condition  of  affairs  is  afforded  by  the  Patricksville  Hydraulic 
Claims,  in  Stanislaus  County,  where  three  claims,  one  tailing  over 
the  other,  are  annually  worked.  During  the  last  two  years  the 
lowest  claim,  called  the  Chesnau,  has  been  closed  in  the  fall,  its 
dump  giving  out,  whilst  the  upj)er  ones  continued  work.  .With  the 
return  of  spring  freshets,  the  canon  has  been  cleared  of  the  debris, 

*  The  words  "  hydraulicked  "  and  "  hydraulicking  "  are  the  coinage  of  the 
California  placer  miner,  and  custom  has  here  sanctioned  their  use. 
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and  washing  has  been  regularly  resumed  in  the  Chesnau,  continuing 
as  long  as  the  dump  lasted.  The  upper  claim  is  closed  whilst  the 
Chesnau  is  working,  to  avoid  the  too  rapid  filling  up  of  the  creek.  If 
the  two  higher  claims  were  worked  at  the  same  time,  the  Chesnau 
would  soon  be  closed  for  an  indefinite  period. 

TAILING    INTO   STREAMS. 

It  is  supposed  by  many  that  the  want  of  dump  is  remedied  by  dis- 
charging into  a  current  or  mountain  rapid.  Tiiis  undoubtedly  would 
be  so  were  the  gold  placers  on  the  borders  of  large,  rapid,  and  well- 
confined  streams;  but  in  the  mountains  where  the  gold-bearing 
deposits  are  found,  the  riyers  are  narrow,  shallow,  only  running 
water  in  quantity  during  the  winter  and  early  spring. 

Some  of  the  annoyances  and  diflBculties  arising  from  tailing  into  a 
stream  can  be  seen  on  the  Tuolumne  River  below  La  Grange.  The 
river  for  seventeen  miles  above  the  town  has  a  fall  approximating 
eighteen  feet  to  the  mile.  It  is  a  large  mountain  stream  (fed  by  the 
snows  and  rains  of  the  Sierra  Nevada),  well  confined  by  abrupt 
banks.*  At  La  Grangef  its  width  is  five  hundred  and  twenty-five 
feet.  Three  hundred  yards  below  the  town,  opposite  the  Light  Claim, 
it  widens  to  seven  hundred  and  fifty  feet.X  Down  the  stream  from 
this  point  the  hills  for  the  succeeding  three  or  four  miles  recede,  but 
subsequently  form  prominent  banks  of  the  river.  During  high 
w^ater  in  the  winter  opposite  the  Light  Claim,  at  its  greatest  width, 
its  average  depth  ^vas  ten  feet,§  the  centre  of  the  channel  being  four- 
teen feet  deep.  When  the  La  Grange  Hydraulic  Mining  Company 
commenced  Mork,  in  1872,  the  bottom  of  the  channel  was  a  few  feet 
deeper. 

The  Light  Claim  was  worked  in  1873,  and  by  June  23d,  1874, 
720,086  cubic  yards  of  gravel  had  been  discharged  into  the  stream 
near  the  claim,  and  during  the  same  period  975,064  cubic  yards  were 
dumped  into  the  river  from  the  Kelly  and  French  Hill  properties. 
The  results  at  the  expiration  of  twenty-one  months  were,  that  the 
channel  opposite  the  Light  Claim  was  filled  up,  the  sluices  were  run 
out  of  grade,  the  river  bed  was  shoaled  on  all  sides,  the  water  of  a 

*  The  river  opposite  the  old  Frencli  Hill  dump  is  fis'e  hundred  feet  wide. 
f  At  the  Ferry.     The  grade  of  the  river  from  here  to  its  mouth  is  only  a  few 
feet  to  the  mile. 

X  Extreme  width  during  high  water.     Width  at  lower  sluice,  700  feet. 
§•  Deeper  in  narrow  places. 
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former  rapid  stream  straggled  over  the  accumulated  debris  with  a 
barely  perceptible  motion,  and  it  is  hardly  necessary  to  add  that  the 
claim  was  closed. 

The  spring  freshets  of  1875—76  were  unusually  severe,  clearing 
the  river  at  the  claim  for  its  entire  width,  and  leaving  a  dunjp  of 
over  eleven  feet  along  its  west  bank.  This  spring*  (1876)  work  was 
resumed,  and  since  then  48,280  cubic  yards  have  been  moved  in  the 
"  Light,"  and  212,346  cubic  yards  from  French  Hill,  which  is  a 
quarter  of  a  mile  up  stream.  At  presentf  the  river  is  filled  up 
nearly  its  entire  width  to  the  height  of  the  sluices,  and  the  water  is 
confined  to  a  strip  thirty  feet  wide,  discharging  one  foot  deep  over 
a  bar. 

Where  a  small  amount  of  tailings  is  discharged  into  narrow  and 
steep  canons,  winter  rains  and  spring  freshets  suffice  to  clean  them 
out,  but  where  the  quantity  is  large,  in  spite  of  the  water  the  ravines 
gradually  fill  up,  and  hydraulic  mining  in  those  localities  ultimately 
ceases.  It  occasionally  happens  that  the  want  of  dump  room  is  ob- 
viated by  a  tunnel,  and  by  means  of  it  the  tailings  are  conveyed  into 
large  and  precipitous  ravines,  consigning  them  to  the  action  of  time 
and  water  for  their  further  removal. 

PRELIMINARY    WORK. 

As  a  prerequisite  to  success  in  the  selection  of  a  tunnel  site,  con- 
siderable preliminary  work  is  demanded.  It  necessitates  the  study 
of  the  deposit,  the  ascertaining  of  the  position  of  the  channel,  the 
depth  of  the  bedrock,  covered  generally  with  Inuidreds  of  feet  of 
detritus,  and  the  calculation  of  the  costs  of  the  work,  with  estimates 
of  the  yield  of  the  ground,  all  of  which  afford  a  fine  field  for  the 
engineer. 

Hence,  it  is  a  prime  necessity  for  the  hydraulic  miner  to  obtain 
accurate  information  on  these  points.  The  explorations  of  the  North 
Bloomfield  Company  furnish  a  remarkable  instance  of  the  extent 
to  which  such  preliminary  work  has  been  successfully  carried  out. 

To  determine  the  value  of  their  claims  and  the  feasibility  of  work- 
ing them  by  the  hydraulic  process,  four  prospect  shafts  were  sunk  to 
ascertain  the  position  of  the  channel  and  the  depth  to  the  bedrock. 
Of  these  shafts  No.  1  alone  struck  the  main  channel,  developing 
135  feet  of  blue  gravel,|  and  finding  bedrock  at  a  depth  of  207  feet. 

*  April  10th,  work  was  resumed  on  toyi  dirt. 

t  Dry  season,  months  of  August,  September,  and  October. 

I  This  135  feet  of  gravel  yielded  46  cents  per  cubic  yard. 
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Drifts  were  driven  from  the  bottom  of  this  shaft  a  distance  of  1200 
feet  ou  tlie  course  of  the  channel,  and  its  width  was  approximated  at 
500  feet.  The  aggregate  length  of  the  channel  explorations  was 
over  2000  feet.  The  gross  cost  of  the  entire  prospecting  work  was 
$63,956.20.* 

Having  ascertained  the  value  of  the  gravel,  the  depth  and  posi- 
tion of  the  bed-rock  and  channel  being  determined,  the  company  de- 
cided to  open  their  mines,  and  a  working  tunnel  was  then  located. 

The  profitable  removal  of  the  gold-bearing  detritus  by  the  hy- 
draulic method  requires  that  the  greatest  facilities  should  be  afforded 
for  the  rapid  transport  of  the  material.  Where  a  dump  can  be  ob- 
tained and  it  is  practicable,  open  cuts  are  run  sufficiently  deep  in  the 
bed-rock  to  bottom  the  channel.  In  those  cases  where  open  cuts  are 
not  serviceable,  a  tunnel  is  requisite. 

TUNNELS    AND    THEIR    LOCATION. 

The  object  of  tunnels  in  gravel  mining  is  to  afford  suitable  means 
for  tlie  hydraulic  washing  of  the  auriferous  deposits,  and  from  their 
general  relative  positions  they  are  fitted  with  sluicesf  to  catch  the  gold 
from  the  washings.  The  size  of  the  tunnel  is  dependent  on  the  re- 
quirements, viz.,  with  a  six-foot  flume  it  should  not  be  less  than  8 
by  8  feet;  with  a  four-foot  flume,  5  by  7  feet. 

In  locating  drainage-tunnels,  or  in  opening  hydraulic  claims  which 
do  not  require  tunnels,  that  place  is  to  be  selected  from  which  the 
sluices,  running  on  the  straightest  practicable  line  with  a  given  grade, 
can  bottom  the  major  part  of  the  "  pay  deposit "  at  the  smallest  pos- 
sible expense. 

Due  regard  should  be  had  for  the  dump  in  the  establishment  of 
this  line,  and  allowances  made  for  contingencies  arising  from  changes, 
such  as  depressions  and  holes  in  the  bed-rock.  It  is  advisable,  be- 
sides allowing  for  grade  and  dump,  to  run  the  tunnel  or  cut  from  a 
point  sufficiently  deep  to  strike  from  fifty  to  seventy-five  feet  below 
the  top  of  the  bed-rock,  at  the  point  where  cormection  is  to  be  made 
with  the  surface. 

*  From  the  several  drifts  and  breaks  21,614  tons  of  gravel  were  extracted, 
yielding  $32,600,  or  $1.50  per  ton.  In  one  of  the  drifts  the  gravel  paid  75  cents 
per  ton,  at  a  height  of  from  15  to  20  feet  above  the  bed-rock.  The  actual  yield 
from  all  the  drifts  was  about  $2.75  per  cubic  yard,  and  as  determined  by 
sampling,  $2.01  per  cubic  yard.  For  particulars,  see  report  of  H.  Smith,  Jr., 
C.  E.  to  the  N.  B.  G.  M.  Co.,  1871,  p.  17. 

f  In  the  lower  end  of  the  N.  B.  tunnel  no  box-sluices  are  used. 
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This  additional  depth*  is  a  matter  of  judgment,  and  in  determin- 
ing it  one  should  be  governed  by  the  character  of  the  bed-rock,  ex- 
tent of  ground  to  be  worked,  and  the  position  of  the  shaft.  It  is 
always  an  easy  matter  to  ease  up  the  grade,  but  if  the  main  line  of 
drainage  is  once  fixed,  and  proves  to  be  too  high,  it  is  a  source  of 
endless  expense,  and  is  frequently  fatal  to  the  enterprise. 

At  the  Pioneer  Mine,  Grass  Flat,  Plumas  County,  the  original 
owners  in  opening  their  claim  ran  a  tunnel  4000  feet  long.  When 
midway  in  the  channel  the  tunnel  was  found  to  be  twenty-two  feet 
above  the  bed-rock.  The  sum  of  sixty  thousand  dollars  expended  in 
this  work  was  a  total  loss. 

Generally  the  difficulty  in  locating  tunnels  is  to  find  suitable  places 
which  do  not  involve  heavy  expenditures.  Some  idea  of  the  ex- 
tent of  these  preliminary  operations  may  be  obtained  from  the 
following  memoranda  concerning  several  tunnels  on  the  ridge  (Ne- 
vada County)  driven  within  a  few  years  past  :t 


Name  of  Mine  or  Tuunel. 


Boston,  .... 
North  Blooiufield, 
Farrell,  .... 
English  Mine,  . 
American, .  .  . 
Manzanita,  .  . 
Sweetland  Creek, 
Bed-rock,  .  .  . 
French  Corral,  . 


Locality. 


Wolsey's  Flat,  . 
Humbug  Caiion, 
Columbia  Hill,  . 
Badger  Hill,  .  . 
Below  San  Juan, 
Sweetland,  .  .  . 
Sweetland,  .  .  . 
Below  Sweetland, 
French  Corral,    . 


Average  Grade  of 
Tunnel. 


Inches  per 
Sluice-box. 


In. 

Ft. 

IGOO 

lOU 

6k 

to  12 

8000 

"  12 

2200 

6 

"  14 

1400 

12 

"  14 

3900 

1(>]4 

"  14 

1740 

7 

u  14 

2200 

8 

"  14 

2600 

9 

"  14 

3500 

S 

"  14 

Feet  per 
100. 


3^ 

4% 

4% 


Reported  Cost. 


$40,000 
500,000 1 
Not  complete. 

$140,000  § 
62,000 
90,000  g 

165,000 


To  these  may  be  added  the  principal  tunnels  driven  in  the  mining 
district  of  Smartsville. 


*  Where  the  bed-rock  di.=integrates  on  exposure  to  the  air,  i.  e.,  soft  bed-rock 
it  is  advisable  to  allow  for  considerable  depth  when  practicable. 

f  Ext.  Report  on  the  Water  and  Gravel   Mining  Properties  of  the  Eureka 
Lake  and  Yuba  Canal  Company.     By  James  D.  Hague,  M.  E. 

X  With  8  auxiliary  shafts,   increasing  the  cost,   but   diminishing -the    time 
required. 

§  Not  from  official  reports. 
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o    . 

Average  grade  of 
tunnel. 

Name  of  Tunnel. 

Locality. 

£a 

|| 

Indies  per 
sluice-box. 

Feet  per 
100. 

Feet. 

In.       Ft. 

Babb,    .     .     . 

Timbuctoo. 

1200 

5|  to  12 

3  80 

Pactolus,    . 

U                   1( 

1700 

6    to  12 

4.16 

Rose's  Bar, 

U                 il 

1600 

6    to  12 

4.16 

Blue  Gravel,  . 

Succor  Flat. 

1100 

6.^  to  12 

4.50 

Pittsburs;,  .     . 

u            u 

900 

6    to  12 

4.16 

Blue  Point,    . 

(I              u 

2250 

6    to  12 

4  16 

Enterprise, 

1 1           11 

1200 

6    to  12 

4.16 

Deer  Creek,   . 

Mooney's  Flat. 

2200 

5    to  12 

3  40 

THE    EXTENSION   OF    THE   TUNNEL   AND    THE    CONNECTION    OF    ITS 
HEADING    WITH   THE    SURFACE. 

When  a  tunnel  is  used  to  open  a  claim  it  should  be  driven  well 
into  the  channel  before  any  connection  is  made  with  the  surface. 
The  shaft  wdiich  connects  w^ith  the  heading  should  be  vertical.*  Its 
size  is  to  be  determined  by  the  requirements  of  the  work,  4x4  feet 
or  5  X  9  feet  in  the  clear,  according  to  circumstances.  Whilst  raising 
from  the  tunnel  due  precaution  should  be  taken  against  accidents 
arising  from  the  rush  of  water,  sand,  and  gravel,  which  is  liable  to 
occur  when  the  bottom  of  a  deposit  is  tapped. 

Where  a  shaft  5'  x  9'  in  size  is  sunk  it  should  be  divided  into  two 
compartments,  one  of  which  will  serve  as  a  man-way,  and  in  the 
event  of  obstructions  arising  in  the  other  compartment,  this  one  can 
be  used  in  removing  them.  There  is  some  difference  of  opinion  as 
to  the  use  of  vertical  shafts ;  also  as  to  the  expediency  of  making 
direct  connection  between  the  shaft  and  tunnel.  Respecting  the  for- 
mer, it  may  be  observed  that  a  vertical  shaft,  when  properly  timbered, 
is  the  most  desirable  and  economical  to  use  for  opening  hydraulic 
claims.  With  drops  200  feet  no  difficulty  in  working  has  been  ex- 
perienced. As  regards  the  direct  connection  of  the  shaft  with  the 
tunnel,  where  the  work  is  well  constructed  no  trouble  or  set-back 
will  be  encountered  in  adopting  this  method  of  mining.  Where  a 
tunnel  has  to  be  extended  beyond  the  shaft,  it  is  sometimes  conve- 
nient to  sink  the  shaft  off  to  one  side  of  the  tunnel,  connecting  it  by 
means  of  a  short  drift.  In  general,  where  an  extension  of  the  tunnel 
has  become  necessary,  the  shaft  has  been  reduced  to  a  drop-off  of 


*  Occasionally  inclines  are  used. 


44  HYDKAULIC    MINING   IN    CALIFORNIA. 

fifty  or  sixty  feet,  or  bed-rock  cuts  have  lowered  it  to  a  level,  and 
consequently  the  tunnel  as  extended  will  diverge  from  the  course  of 
the  main  tunnel.  This  is  especially  the  case  when  the  main  tunnel 
enters  the  channel,  as  is  most  usual,  at  an  angle  to  its  general  direc- 
tion. 

THE   TIMBERING   OF   THE   SHAFT,  ETC. 

To  avoid  any  accident  or  trouble,  such  as  might  be  occasioned  by 
caving  of  the  shaft,  it  should  be  strongly  timbered,  closely  lagged, 
and  lined  on  the  inside  with  two-inch  lumber  to  within,  say,  eight 
feet  of  the  surface.  This  top  being  the  first  washed  off,  is  used  for 
fall.  When  in  soft  rock,  the  shaft  should  be  timbered  close  with  tim- 
bers of  the  requisite  size.  These  timbers  are  then  lined  on  all  four 
sides  with  blocks  of  wood  from  four  to  six  inches  in  thickness  set  on 
the  end  of  the  grain. 

The  bottom  of  the  shaft  can  be  protected  against  wear  by  using 
pieces  of  heavy  logs  or  sticks  of  twelve  inches  square  timber,  stood 
on  end,  securely  bound  togetiier,  or  it  can  be  paved  with  heavy 
stones,  but  in  many  cases  the  bare  bed-rock  only  is  used.  The  last 
fifty  to  seventy-five  feet  of  the  tunnel  which  connects  with  the  shaft 
should  be  heightened  from  eight  to  twelve  feet,  and  at  their  junction 
the  ground  should  be  securely  timbered  and  protected. 

With  long  tunnels  it  is  advisable  to  sink  a  second  shaft  at  a  con- 
venient distance  from  the  heading.  As  a  precautionary  measure  a 
man  is  sometimes  placed  in  the  tunnel  to  watch  the  runnings,  and  in 
such  cases  a  second  shaft  is  indispensable.  Should  an  accident  occur 
at  the  main  shaft  by  its  caving  or  closing  up,  the  second  shaft  would 
also  afford  the  necessary  facilities  for  reopening  the  work. 

FIHST   AVASHINGS   THROUGH    THE   SHAFT. 

When  a  claim  is  opened  by  means  of  a  shaft,  the  first  washings 
through  it  should  be  done  with  care,  and  the  surface,  within  as  great 
a  radius  as  can  be  conveniently  washed  and  drawn,  should  be  cleared 
on  all  sides,  before  any  descent  is  made  by  taking  off  the  top  timbers. 
Attempts  to  push  tiiis  preliminary  work  have  frequently  caused  an 
overcrowding  of  the  shaft,  resulting  in  its  filling  up  or  getting 
choked  by  caving.  It  is,  therefore,  essential  that  the  gravel  should 
be  run  so  as  to  avoid  the  rush  of  material  from  caves;  and  to  pre- 
vent the  accumulation  of  rocks  in  the  bottom  of  the  shaft  an  excess 
of  water  should  always  be  used. 
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THE   GRADE. 

The  facility  with  which  gravel  can  be  moved  by  water  depends 
mainly  on  the  inclination  which  can  be  given  to  the  sluices.  The 
question  of  grade  is,  therefore,  one  of  vital  importance,  and  to  care- 
fully investigate  and  determine  this  question  great  care  and  skill  are 
often  required.  When  the  topography  of  the  country  admits  of  un- 
limited fall,  the  grade  or  incline  upon  which  the  sluices  are  set 
should  be  regulated  by  the  character  of  the  gravel  to  be  moved. 
Where  the  wash  is  coarse  and  cemented,  requiring  blasting,  or  where 
there  is  much  pipe-clay,  a  heavy  grade  is  requisite.  Strongly  , 
cemented  gravel  requires  falls  or  drops  to  break  it  up.  To  prevent 
the  loss  of  gold,  grizzlies*  and  undercurrents  are  used  to  relieve  the 
sluices  of  the  finer  material  containing  gold  already  detached  and 
being  carried  forward  by  a  strong  stream  and  heavy  grade. 

Experience  so  far  has  led  to  the  adoption,  in  most  localities,  ot 
what  is  called  a  six  inch  grade,  meaning  six  inches  to  the  box  twelve 
feet  long,  or  say  4  per  cent,  grade.  In  some  places,  where  large 
quantities  of  pipe-clay  are  washed  off,  nine  and  twelve  inchf  grade 
to  the  box  is  used  (6  to  8  per  cent.),  in  others,  on  account  of  natural 
obstacles  encountered,  a  1|  per  cent,  grade,  or  2|  to  3  inches  per  box 
of  sixteen  feet,  is  used. 

Light  gravel  can  be  moved  on  an  easier  grade  and  with  less  water 
than  heavy  gravel,  nevertheless  when  a  4  per  cent,  grade  can  be  ob- 
tained it  is  desirable,  as  it  lessens  the  labor  of  handling  rocks. 
Moreover,  as  light  gravel  is  generally  poor  in  gold,  this  deficiency 
can  only  be  made  up  by  washing  large  quantities  of  it.  On  the 
other  hand,  coarse  gravel  demands  from  4  to  7  per  cent,  grades,  and 
a  proportionate  increase  of  water. 

Jn  washing  heavy  gravel,  the  water  in  the  sluices  should  be  deep 

*  <'  Grizzly:"  where  a  drop-off  can  be  made  in  aline  of  sluices,  steel  bars  or 
pieces  of  railroad  iron  laid  parallel,  with  spaces  between  them,  are  placed  on  the 
bottom  across  and  in  the  end  of  the  sluice,  so  as  to  discharge  the  boulders  over 
an  embankment,  whilst  allowing  the  finer  material  to  pass  between  the  bars  and 
drop  into  the  undercurrents.  The  grating  formed  bj-  the  bars  is  called  a  grizzly. 
"  Undercurrents  "  are  sluices,  15  to  20  feet  wide  and  40  to  50  feet  long,  set  on  a 
very  slight  grade  (nearly  flat),  provided  with  riflies  to  catch  the  gold  and  amal- 
gam. They  are  placed  to  one  side,  below  the  main  sluice.  See  chapter  by 
Charles  Waldeyer,  Kaymond's  Keport,  1873,  415,  416. 

•j-  In  Placer  Countj',  at  some  of  the  mines,  the  sluices  have  a  grade  from  15 
to  24  inches  per  12-foot  box.  Note. — Oro  Consolidated,  sluices,  2i  feet  wide  and 
20  inches  deep,  grade  5  inches  to  12  feet  (or  10.41  per  cent.),  are  calculated  to 
run  700  miner's  inches  of  water. 
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enough  (10  to  12  inches)  to  cover  the  largest  boulders  ordinarily  sent 
down,  whilst  light  gravel  requires  the  water  to  run  in  sufficient  force 
to  carry  the  rocks  washed  through  the  sluice,  and  yet  be  in  only  suf- 
ficient volume  to  prevent  the  packing  of  black  and  heavy  sand.  If 
too  much  water  is  used,  by  superincumbent  pressure  the  sand  drops 
and  packs  the  riffles.  The  best  results  are  obtained  with  shallow 
streams  on  light  grades. 

SETTING   SLUICES    AND    THEIR    CONSTRUCTION. 

In  setting  sluices,  a  straight  line  should  be  adopted,  and  where 
curves  occur,  the  outer  side  of  the  box  is  slightly  raised,  in  order  to 
cause  a  more  general  distribution  of  the  materials  over  the  riffles. 

Sluices  are  made  of  li  inch  plank,  tongued  and  grooved,  carefully 
fitted  together  so  as  to  prevent  any  leakage,  resting  on  sills  4  x  6  inches. 
The  length  of  the  sill  depends  chiefly  on  the  width  of  the  sluice; 
thus,  a  4  foot  sluice  would  require  a  sill  seven  feet  long.  To  securely 
tighten  the  bottoms  of  the  sluices,  the  planks  should  be  grooved  and 
then  joined  together  by  driving  in  a  soft  pine  tongue. 

The  posts  are  4x6  inch  scantling,  forming  with  the  sills  a  frame, 
w^hich  is  placed  every  four  feet  to  receive  the  sluice.  The  posts  are 
dovetailed  into  the  sills,  and  are  likewise  strengthened  with  side 
braces  connecting  the  ends  of  the  sills  and  the  posts  together.  The 
size  of  the  sluice*  is  regulated  by  the  grade,  character  of  the  gravel, 
and  quantity  of  water  to  be  used.  A  sluice  six  feet  wide  and 
thirty-six  inches  deej),  on  a  4  or  5  per  cent,  grade,  will  suffice  for 
running  3000  to  3500  miner's  inchesf  of  water.  One  four  feet  wide, 
thirty  inches  deep,  on  a  four  inch  grade  to  sixteen  foot  boxes,  will 
suffice  for  1200  to  1500  inches  of  water,  and  on  a  4  per  cent,  grade 
it  is  large  enough  for  2000  inches.  A  sluice  three  feet  wide  and 
thirty  inches  deep,  with  a  1  i  per  cent,  grade,  is  ample  for  800  to 
1000  inches. 

The  requisite  length  of  the  slu-ice  is  determined  by  the  character  of 
the  gravel  washed,  volume  of  water  used,  the  grade,  and  the  size  of  the 
sluices,  the  principle  being  to  construct  the  line  sufficiently  long  to 
insure  the  most  complete  disintegration  of  the  material,  thus  affi)rd- 
ing  ample  suriiice  for  the  grinding  of  the  cement,  and  offering  under 
such  conditions  the  best  facilities  for  the  gold  to  settle  in  the  riffles. 

*  Double  sluices  are  frequently  used  in  large  claims  to  advantage  for  continuous 
washings. 

f  Miner's  inch,  see  further  on  in  this  article. 
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RIFFLES. 

Square  blocks  of  suitable  length  and  breadth,  8  to  12  inches  deep, 
called  riffles,*  arranged  with  spaces  of  1  to  1|  inches  between  each 
cross  row,  are  used  to  line  the  bottom  of  the  sluices.  They  are  held 
in  position  by  small  boards,  1 J  x  6  inches,  fastened  crosswise  on  the 
bottom  between  the  rows  by  means  of  headless  nails,  and  made  secure 
by  a  cleat,  1|  x  3  inches,  nailed  longitudinally  on  top  of  the 
blocks  on  both  sides  of  the  sluice.  This  method  of  setting  riffles  is 
falling  somewhat  into  disuse.  Block  riffles  are  now  frequently  set 
and  held  firmly  in  position  by  means  of  soft  pine  >vedges  driven  be- 
tween the  blocks  and  the  sides  of  the  sluice.  When  wedges  are 
used  it  is  necessary  that  the  sides  of  the  blocks  should  be  square 
where  they  adjoin  one  another.  A  side  lining  is  required  in  all 
sluices.  In  cement  claims,  blocks  4  inches  thick,  18"  x  24"  in  size, 
are  used  for  side  lining. 

In  many  localities  round  stones  instead  of  blocks  are  used  for 
riffles,  and  where  heavy  cementf  is  washed  these  are  considered 
preferable  on  account  of  their  cheapness.  At  Smartsville  they  have 
been  found  to  serve  fully  as  well  as  the  blocks,  and  are  claimed  to 
be  cheaper.  It  must,  however,  be  stated  that  they  are  more  costly 
to  handle,  as  longer  time  is  required  to  clean  up  and  repave  the 
sluices  when  they  are  used.  In  some  sections  of  the  State  longitu- 
dinal riffles  are  preferred,  i.  e.,  riffles  made  of  scantling  placed  length- 
w^ise  in  the  sluice.  It  is  frequently  the  case  that  the  several  kinds 
of  riffles  a.re  used  in  long  sluices.  Where  the  banks  contain  many 
large  boulders,  as  at  the  Paragon  Mine,  a  different  style  of  riffle  has 
been  introduced.  These  riffles  are  made  of  6  inch  scantling,  IJ 
inches  wide,  8  feet  long,  separated  by  blocks  1  h  inches  wide,  and  an 
iron  bar,  1 J  inches  wide,  1  inch  deep,  and  8  feet  long,  is  fastened  on 
top  of  each  scantling.  The  grade  of  these  sluices  is  18  inches  per 
12  foot  box,  and  the  width  of  sluice  is  44  inches. 

A  system  of  riffles  consisting  of  a  row  of  blocks  alternating  with 
an  equal  section  of  rocks  has  been  found  to  work  successfully.  This 
arrangement  of  the  sluices  materially  reduces  the  wear  and  tear  of 

*  The  primitive  riffles  used  by  the  South  American  gold-washers,  consisted  of 
steps  cut  in  the  bare  bed-rock.  Blankets  and  grass  sods  were  also  used  to  catch 
the  gold.  See  detailed  description  of  the  gold-washings  of  Jaragua,  Mawe's 
Travels,  pp.  77-8, 

f  The  term  cement  is  applied  to  a  conglomerate  which  is  chiefly  cemented 
together  by  ferric  oxide. 
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the  blocks,  and  has  given  excellent  results.  The  block  and  rock 
riffles  are  not  desirable  for  those  sluices  which  have  frequently  to  be 
cleaned  up. 

So  far,  experience  shows  square  block  riffles  to  be  the  best  for 
saving  gold.  The  objection  to  their  use  is  the  cost  of  wear  and  tear. 
Rocks  are  the  most  economical  substitute,  but  sluices  set  with  them 
require  steeper  grades  and  more  water  than  those  arranged  with 
blocks.  As  a  matter  of  convenience  and  economy,  block  riffles 
should  be  used  in  the  head  sluices  of  those  claims  where  the  gravel 
is  rich,  or  where  a  large  amount  of  gold  is  monthly  produced  and 
cleaned  up. 

CHARGING   THE   SLUICES. 

When  work  commences,  the  sluices  are  run  half  a  day  in  order  to 
pack  them.  A  few  moments  before  the  quicksilver  is  added,  the 
water  is  run  clear,  and  they  are  then  charged.  More  quicksilver  is 
added  during  the  second  and  third  days,  the  quantity  being  increased 
until  the  riffles  hold  the  mercury  at  the  surface.  During  the  wash- 
ings, the  sluices  are  repeatedly  examined  and  recharged.  The 
amount  subsequently  added  is  regulated  by  the  quicksilver  exposed 
to  view ;  the  total  quantity  required  is  more  or  less  dependent  on  the 
length  of  the  run. 

When  charging  the  riffles  all  splashing  of  the  quicksilver  should 
be  avoided.  When  it  is  sprinkled  into  the  sluice  (a  practice  to  be 
condemned),  it  divides  itself  into  minute  particles,  the  bulk  of  which 
is  easily  carried  off  by  the  swift  stream,  while  portions  of  it  will 
even  float  in  the  clear  water.  The  buoyancy  of  these  small  particles 
is  very  considerable. 

Float  quicksilver,  containing  gold  particles,*  has  been  taken  from 
off  the  surface  of  the  water  20  miles  from  where  the  amalgam  entered 
the  stream.  An  instance  of  floating  amalgam  was  observed  on  the 
north  fork  of  the  Yuba  River.  At  a  point  four  miles  below  where 
tailings  were  dumped,  a  flume  (conveying  water  to  a  pump)  was  set 
10  feet  above  the  bottom  of  the  stream  drawing  direct  without  any 
dam.  An  examination  of  the  flume  subsequent  to  its  removal  re- 
vealed the  presence  of  about  1  oz.  gold  amalgam,  collected  at  the 
junction  of  the  boxes. f 

*  The  gold  particles  were  microscopic. 

f  This  occurred  in  1864.  The  flume  was  owned  by  Mr.  Banks  of  San  Juan, 
Nevada  Countv. 
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LOSS   OF   QUICKSILVER. 

In  hydraulic  mining  a  loss  of  quicksilver  cannot  be  avoided,  the 
amount  lost  depending  on  the  character  of  the  gravel  washed,  the 
quantity  of  water  used,  the  grade,  length,  and  condition  of  the  sluices, 
and  on  the  number  of  days  run.  The  use  of  a  long  line  of  sluices, 
kept  in  good  order,  and  the  employment  of  undercurrents,  tend  to 
diminish  it. 

The  aggregate  amount  of  quicksilver  lost  at  the  La  Grange  Hy- 
draulic Company's  mines  during  a  period  of  two  and  one-half  years 
in  running  six  claims  1520  days*  (24  hours),  washing  and  moving 
2,275,967  cubic  yards  of  gravel,  and  using  1,533,728  inches  of 
water  (2159  cubic  feet  each),  amounted  to  553.75  lbs.  quicksilver. 
The  North  Bloom  field  claims,  for  the  year  ending  November  3d, 
1875,  used  464,600  miner's  inches  of  water,t  and  9649  lbs.  of  quick- 
silver were  employed  in  the  sluices.  The  loss  of  quicksilver  at  the 
respective  claims  was  as  follows  : 


Name  of  claim. 
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The  losses  at  the  Woodward  and  Eisenbeck  claims  are  attributed 
to  old  and  poor  sluices  and  steep  grade.  For  the  year  ending  October 
31st,  1876,  the  loss  of  quicksilver  at  the  above-mentioned  claims  was 
as  follows : 
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THE   LOSS   OF   GOLD. 

The  loss  of  quicksilver  would  seem  to  involve  a  loss  of  gold,  but 

*  The  aggregate  number  of  clays'  work  of  all  the  claims. 

f  Each  of  these  inches  discharged  2.280  cubic  feet  of  water  per  24  hours. 

VOL.  VI. — 4 
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it  is  practically  impossible  to  determine  to  what  extent  this  is  the 
case.  There  are  many  conflicting  opinions  as  to  the  amount  of  fine 
floured  and  "rust"  gold  lost  in  hydraulic  mining,  but  in  properly 
constructed  sluices  the  already  known  appliances,  when  used,  save 
all  that  can  at  present  be  economically  and  profitably  caught. 

In  substantiation  of  this  can  be  cited  the  work  done  at  Gardner's 
Point  during  the  last  four  years.  The  number  of  inches  of  water 
used  at  this  claim  during  this  period  is  not  known.  The  number  of 
cubic  yards  of  gravel  moved  has  been  approximated  from  the  best 
obtainable  data  and  an  inspection  of  the  property.  From  1872-74 
inclusive,  about  148,000  cubic  yards  of  dirt  were  moved.  In  1875 
the  claim  was  only  run  fourteen  days  full  time.  This  year  (1876) 
40,000  cubic  yards  of  gravel  and  260,000  cubic  yards  of  lava  ashes 
were  washed  "off.  The  gross  yield  from  1872-76  was  $140,000. 
The  number  of  cubic  yards  of  gravel  moved  during  the  correspond- 
ing time  is  sufficiently  large  to  warrant  the  conclusion  that  the 
present  known  appliances  for  catching  gold  are  adequately  effective. 

THE    RESULT   OP   W^ORKING    TAILINGS    AT   GARDNER'S    POINT. 

The  tailings  from  all  these  washings  were  caught  and  confined  in 
a  ravine  situated  a  short  distance  below  the  claim.  The  length  of 
the  sluice  through  which  the  gravel  passed  was  1373  feet,  with  three 
undercurrents.  This  year  the  ravine,  supposed  by  many  to  be 
exceedingly  rich,  was  cleaned  up  on  joint  account  by  Chinese,  under 
special  engagement  with  the  owners,  and  its  gross  yield  was  $1168, 
not  1  per  cent,  of  the  total  receipts  from  the  washings. 

ON   THE    DISTRIBUTION   OF   GOLD   THROUGHOUT   THE   SLUIGES. 

In  cleaning  up  sluices,  the  largest  proportion,  approximating  80 
per  cent,  of  the  gold  caught,  is  found  in  the  first  200  feet  of  the 
head  of  the  sluices.*  The  gross  yield  of  the  Gardner's  Point  claims 
for  the  season  of  1874  was  $68,000  for  100  days'  run.  Of  this 
amount  $54,000  was  obtained  in  the  first  150  feet  of  the  sluices, 
and  $3000  taken  from  the  undercurrents.    The  remainder  was  found 

*  Mr.  P.  Wright,  Assistant  Engineer  for  Water  Supply,  Beechwood  District, 
giving  his  experience  on  this  subject,  says:  "With  a  sluice  12  inches  wide 
on  an  incline  of  1  foot  to  48  feet,  using  600  gallons  per  minute,  I  have  found  95 
per  cent,  of  the  gold  within  three  feet  of  where  the  gravel  was  filled  into  the 
sluice — where  the  gold  was  lying  upon  a  smooth  board,  and  yet  a  powerful  cur- 
rent failed  to  move  it." — The  Gold  Fields  and  Mineral  Districts  of  Victoria,  R. 
Brough  Smyth,  p.  133. 
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lower  down  along  the  sluices.  The  first  undercurrent  was  790 
feet  distant  from  head  of  the  sluice,  and  yielded  50  per  cent,  of  the 
total  yield  of  the  undercurrents.  The  second  undercurrent  was  78 
feet  distant  from  the  first,  with  a  drop  of  40  feet  between  them,  and 
it  contained  33  per  cent,  of  the  gross  undercurrent  yield.  The  third 
undercurrent  was  91  feet  distant  from  the  second  undercurrent,  wdth 
a  drop  of  50  feet  between  them.     Its  yield  was  nearly  ^500.* 

It  sometimes  liappens  that  a  hundred  or  hundred  and  fifty  feet  at 
the  head  of  a  sluice  are  covered  with  gravel  during  the  greater  part 
of  a  run.  In  such  cases,  the  gold  is  found  so  much  further  down 
the  sluice.  In  the  North  Bloomfield  tunnel,  the  upper  300  feet  of 
the  sluice  is  generally  filled  with  gravel,  from  1  to  5  feet  deep, 
and  still  this  portion  yields  much  more  amalgam  per  linear  foot 
than  the  next  300  feet  of  sluice  below. 

From  the  report  of  this  company  for  the  year  ending  October  31st, 
1876,  the  following  data  and  facts  are  worthy  of  note,  as  showing 
the  position  of  the  gold  as  cleaned  up  in  the  sluices  at  No.  8  claim, 
where  some  700,000  inches  of  water  were  run,  washing  2,919,000 
cubic  yards  of  gravel : 


Sump,     .         .         .       $1,510  00 

.80  per 

cent. 

of 

gross  yield. 

Flume  (1800  feet),       176,900  73 

92.00 

" 

(1               u 

Tunnel  below  flume,        7,290  00 

3.75 

a 

t(             11 

Tail  sluice  (300  feet),       1,800  00 

.95 

i( 

II               u 

Undercurrents,       .         5,235  00 

2.50 

u 

II             11 

$192,735  73 

100.00 

THE   DISTRIBUTION    OF    GOLD    IN   TAIL   SLUICES. 

The  North  Bloomfield  tunnel  (8000  feet  in  length)  has  1800  feet 
of  sluices,  paved  with  blocks,  at  its  upper  end,  but  in  the  succeeding 
6200  feet  no  sluices  are  used,  the  tailings  being  allowed  to  run  on 
the  bare  bed-rock  (a  tough  slate). 

From  the  rock  cut  at  the  mouth  of  the  tunnel  a  sluice  paved  with 
rocks  receives  the  tailings.  From  here  on  they  are  carried  through 
sluices  and  cuts,  distributing  them  over  undercurrents  set  on  dif- 
ferent grades,  paved  in  some  instances  with  rocks  and  blocks,  and 
occasionally  arranged  with  longitudinal  riffles  covered  with  strap 
iron.  The  grizzlies  used  are  made  of  wrought  iron  one  by  four 
inches  in  size,  set  on  edge. 

*  The  figures  showing  the  yield  of  the  undercurrents  were  calculated  from 
the  amalgam. 
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The  discharge  from  the  several  undercurrents  is  taken  up  by  the 
main  sluice,  and  subsequently  redischarged  over  the  succeeding  un- 
dercurrents, till  the  lowest  sluice  and  undercurrent  finally  discharge 
the  tailings  into  the  canon.  From  December  1st,  1876,  to  June  1st, 
1877;  three  hundred  and  fifty  thousand  (350,000)  twenty-four  hour 
miner's  inches  of  water  (2230  cubic  feet  each)  conveying  the  tailings 
passed  through  the  tunnel,  and  were  discharged  through  the  tail 
sluice  and  undercurrents. 

The  annexed  sketch  shows  the  general  arrangement  of  the  tail 
sluices  and  undercurrents,  which  latter  were  subdivided  into  compart- 
ments as  shown. 

The  distribution  of  the  gold  along  the  line  of  sluices  and  in  the 
sev^eral  undercurrents  was  as  follows:* 

Arrangement  of  Tail 


Ko.  6.— Rock  riffles. 
Grade  17  in.  per  12  ft. 


No.  5. — Rail  riffles. 
Grade  12  iu.  per  12  ft. 


No.  4. — Rock  riffles. 
Grade  12  in.  per  12  ft. 


Tail  Sluice,  etc.,  from  December  1st,  1876,  to  June  1st,  1877. 

Miner'.s  inches  of  water,  24  hours  each, 350,000 

150  feet  at  head  down  to  No.  1  undercurrent,  yield,  ....    $3150  00 
"        remainder  of  sluice, 350  00 


Total, .         .         .    $3500  oOf 

No.  1  Undercurrent.— Size,  24  by  36  feet;  grade,  13  inches  to 
12  feet;  chute,  2  feet  wide  at  opening,  contracted  to  10  inches;  iron 
rail  riffles. 


*  I  am  indebted  to  Mr.  H.  C.  Perkins,  Superintendent  N.  B.  G.  M.  Co.,  for 
the  data  given.  The  results  show  the  total  yield  of  the  many  places,  the  number 
.)f  "clean  ups  "  made  being  noted  in  each  case. 

t  700,000  miner's  inches  water  were  used  in  1875-6 ;  the  yield  was 
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A  yielded  108t  oz.   amalgam. 


B 

<( 

83f 

C 

II 

46^ 

D 

11 

.31i 

Chute 

<i 

46} 

3161  oz. 


3  clean  ups. 


$1920 


No.  2  Undercurrent. — Size,. 24  by  24  feet;  grade,  12  inches  to  12 
feet;  chute,  upper  end  2|  feet,  lower  end  2  feet;  iron  rail  riffles. 


A   yielded  48|  oz.  amalgam. 


B 
C 
D 

Chute 


36^  " 
20a  " 
23|  " 
14     " 


143i  oz. 

Sluices  and  Undercurrents. 


2  clean  ups. 


$8U 


36  FT. 

No.  3.— Rock  riffles. 
Grade  15  in.  per  12  ft. 


No.  2. — Iron  rail  riffles. 
Grade  12  in.  per  12  ft. 


No.  1.  — Iron  rail  riffl( 
Grade  13  in.  per  12  ft. 


No.  3  Undercurrent. — Size,  24  by  36  feet;  grade,  15   inches  to 
12  feet;  chute,  2|  feet  upper  end,  2  feet  lower  end;  rock  riffles. 


A   A'ielded  50J  oz.  amalgam. 


B 
C 
D 

Chute 


351-  « 

m  " 

16     " 
8^  " 

1281  oz. 


-    2  clean  ups. 


No.  4  Undercurrent. — Size  20  by  36  feet;  grade,  12  inches  to  12 
feet;  rock  riffles. 

71|  oz.  amalgam,         .         .         ,         |430 

No.  5  Undercurrent  (constructed  in  March). — 150,000  miner's 
inches  of  water ;  size,  24  by  24  feet ;  grade,  1 2  inches  to  1 2  feet ; 
chute,  2|  feet  upper  end,  contracted  to  2  feet  lower  end.  Riffles, 
1^  by  4  inches  lumber,  covered  with  strap  iron,  rails  1  inch  apart. 
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A   yielded    5    oz.  amalgam.     ") 
B         "  8i  "  "  I 

C         a  5"   u  «  r    1  clean  up. 

D         "  6i  "  "  J 

25  oz.         .         .         .         $150 

No.  6  Undercurrent. — Size,  24  by  36  feet;  grade,  17  inches  to 
12  feet  of  rock  riffles;  chute,  2|  feet  upper  end,  2  feet  lower  end. 
150,000  miner's  inches  of  water. 

A   yielded    8    oz.  amalgam.    ~|  • 

B         "  5     "  "  I 

C         <i  3j  u  u  I-    1  clean  up. 

D         "  3     "  "  J 

19^  oz.         .         .         .         $115 

The  total  yield  of  the  undercurrents  and  tail  sluices  for  the 
period  mentioned  was  $7872,  whilst  the  total  yield  of  the  claims 
was  $145,000. 

The  amalgam  from  the  main  sluice  is  worth  from  $7.50  to  $8.50 
per  ounce  troy,  whereas  that  of  the  undercurrents  varies  from  $6  to 
$6.20  per  ounce  troy. 

The  result  of  the  undercurrents  and  tail  sluice  "  clean  ups,"  for 
the  year  1876-7,  was  as  follows  : 


Yield. 

Cut  A  to  B 

334 

ounces 

amalgam 

Tail  sluice, 

B  toC 

13801 

Undercu 

rrent, 

No. 

1, 

648J 

i( 

No. 

2 

280| 

(1 

No. 

3, 

253| 

II 

No. 

4, 

1433 

II 

No. 
No. 

5'l6r 
6,/ 

69 
nos. 

59 

Total  in 

caiion 

I 

, 

.       3170 

ounces 

amalgam 

This  amount  (3170  ounces)  equals  in  value  about  seven  per  cent, 
of  the  total  yield  of  the  mine  for  this  last  fiscal  year,  during  which 
period  595,500  miner's  inches  of  Avater  have   been  used  extracting 

$291,116. VogolJ-* 

*  The  cost  of  melting  and  refining  has  been  deducted  from  the  amount 
given. 
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Comparing  these  final  results  with  those  of  the  previous  year, 
1875-6,  the  precious  metal  is  found  distributed  throughout  the 
sluices  and  undercurrents  in  the  same  relative  proportion. 

This  fact  is  worthy  of  note  since  last  year  the  bulk  of  the  material 
moved  was  "top  gravel,"  whilst  this  season  a  much  larger  propor- 
tion of  cement  gravel  has  been  run  through  the  sluices. 

In  the  heavy  cement  at  French  Corral  and  Manzanita  a  high  per- 
centage of  the  gross  yield  of  the  mines  is  found  in  the  undercurrents. 

Hydraulic  mining  in  the  so-called  "cement  claims"  is  carried  on 
under  great  difficulties.  An  exhibit  of  the  workings  of  the  sluices 
of  a  representative  cement  claim  (French  Corral)  is  here  given,  and 
the  contrast  thus  afforded  with  the  workings  of  sluices  in  the 
generality  of  cases  is  most  striking  and  especially  interesting. 

The  washings  from  the  French  Corral  Mine,  after  passing  through 
the  new  tunnel,  are  distributed  successively  over  nine  undercurrents 
before  they  are  finally  discharged.  The  sizes  and  arrangement  of 
these  undercurrents  are  given  in  the  accompanying  table. 


FRENCH    CORRAL    MINE,    UNDERCURRENTS,    ETC. 


UNDERCURRENTS. 

SECONDARIES. 

CHUTES. 

o  a 
^^ 
■^  o 

a  q 
22 

t^ 

No.  1 
"    2 

"    3 

"    4 
"    5 
"    6 

"    7 
"    8 
"    9 

o 
.a 

o 
d 

> 
o 

a 

if 
■^  i) 

w  a 

5t 

^i 

Feet. 
20 
20 

20 

20 
20 
20 
20 
20 
20 

05 
O* 

^  a 

OJ  O 
11 

O 

c 
P5 

"Si 

5' 

0 

U 
0 

a 
►3 

■a 

3 
3 

3 

3 
3 
3 
3 

1 

Feet. 
42 
42 

42 

42 
42 
42 
42 
42 
42 

Ft.In. 
3.9 
3.9 

3.9 

3.9 
3.9 
3.9 
3.9 
39 
3.9 

4"  blocks. 

6"xl2"x4" 

W.  side.        E.  side. 
Blocks.    1  bx  blocks, 
do.          2  bx  riffles. 

Upper  box,  each  side.f 

2d  blocks.    3d  riffles. 

Same  as  No.  3. 

Feet. 
21 

21 

28 

Feet. 
12 

12 
12 

Ft.In. 
1.103^ 

1.101^ 
2.6 

Feet. 

Main  sluice. 

42 

28 

28 
42 
28 
42 
28 
28 

Feet. 
5 
6 

6 

6 
6 
6 
6 
6 
6 

From   January   14th,   1877,  to  October   3d,   1877,    there   were 
163,263  miner's  inches  of  water  discharged  over  these  undercurrents, 


*  Grade  fifteen  inches  to  fourteen  feet. 

f  Eiffles,  made  in  frames  seven  feet  long,  twentj'  inches  wide,  from  slats 
ly^  X  4'^,  1^^  apart.  The  bottoms  of  the  undercurrents  were  lined  with  slat 
rifiies,  until  clean  up  of  July  21st. 
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and  the  corresponding  yield  of  the  washings  was  $201,?84y3g^Q-  gold, 
seventeen  and  one-half  (17|)  per  cent,  of  said  amonn'  being  found 
in  the  undercurrent  distributed  in  the  following  proportions: 


YIELD   OF   THE    UNDERCURRENTS,    ETC.,    AT   THE    FRENCH 
CORRAL    MINE. 


AMALGAM  YIELD  IN  LBS. 

AVOIRDUPOIS. 

p  a 

■3  V 

If 

0  0 

Qh 

17.5 

UNDERCURRENTS. 

SECON- 
DARIES. 

Pickings  from 

chutes  aud 

aprons. 

Nos. 

1 

2 

3 

4 

42 

5 
31 

6 

7 

8 
17 

9 

1 

5^ 

2 
1% 

3 
1 

Lbs. 

96 

67^ 

5G% 

24M 

23% 

12?i 

s'A 

3881^ 

As  further  illustrative  of  the  distribution  of  gold  in  the  sluices  of 
hydraulic  claims,  a  classified  statement  is  here  added,  showing  the 
workings  of  the  sluices  at  the  Manzanita  Mine  in  Nevada  County, 
California. 


THE    MILTON    MINING    AND    WATER    COMPANY. 

Statement  showing  the  relative  yield  of  the  sluices  at  the   Company's 
Manzanita  Mine  from  December  20th,  1876,  to  October  3d,  1877. 


=3°% 

AMALGAM  YIELD  IN  LBS.  AVOIRDUPOIS 

13 

Date 

nn.9 

H 

S 

of  clean  up. 

§  s  1  ^ 

LONG  SLUICE  BY  SECTION. 

"in 

s 

a 

0 

Tot 
wat 
24 
inc 

Cut. 

Tun'l. 

1 

2 

3 

4 

5 

6 

13 

a 

B 

m 

January  4, 

8,626 

18 

48 

16 

8 

90 

87,734.87 

March  17,  .    . 

25,937 

37 

103 

30 

170 

15,970.53 

April  23,     .    . 

21,491 

51 

89V< 

49 

30'/, 

220 

20,238.51 

June  8,  .     .    . 

29,187 

46 

78 

8334 

34'4 

24144 

21,562.47 

July  13,  .    .    . 

15,868 

64 

531/, 

32 

8'/, 

157  y. 

15,401.70 

August  9,    .    . 

17,000 

3314 

66 

37'4 

17  Vo 

154 

15,970.53 

September  29, 

23,400 

104 

124 

15 

109 

28 

38 

64 

44 

526 

*46,307.19 

From  top  mine 

worked  in 

March  aud  May 

16,985 

87 

64 

40% 

3,222.41 

Total,   .    .     . 

158,494 

3531^ 

5611^ 

63 

109 

37% 

111>^ 

172% 

1600 

$146,408.21 

*  Bar  of  October  26th,  valued  at  $5300. 
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The  arrangement  of  the  sluices  at  the  Manzanita  Mine  is  as  fol- 
lows : 

1st.  East  cut  contained,  average,  ....       40  boxes.* 

West,  "  "        ....       28       " 

2d.    Tunnel,       "  "         .         .         .         .     120       " 

3d.    Long  sluice,  "        .         .         .         .     300       " 


4th.  Undercurrents,  |  ^  ^"  commence,  1  ^^^^age,  .       50 
I       10  at  end.       /  ° 

Total, 538 


The  long  sluice  is  divided  into  six  sections^  each  section  contain- 
ing the  following  number  of  boxes  : 

1st   section,   29  boxes,  to  second  angle  below  tunnel. 


2d 

56 

Pease  Ravine. 

3d 

23 

Buckeye  Point. 

4th 

67 

Armstrong  Eavine. 

5th 

62 

Quinn's. 

6th 

63 

Lower. 

The  sluices  in  the  cut  are  four  feet  in  width,  Avhile  those  in  the 
tunnel  and  the  long  sluice  are  five  feet  wide,  all  of  them  having  a 
side  lining  of  blocks  three  inches  thick.  The  riffles  used  in  the  cut 
sluices  are  hand-sawed  blocks  13|"  x  13^"  x  10  inches,  and  those  in 
tunnel  sluices  are  hand-sawed  blocks  13|"  x  13|"  x  10  inches,  and 
17|"  X  17J"  x  10  inches,  about  half  of  each.  In  the  long  sluice 
quarried  granite  rocks  sixteen  inches  thick  (now  eighteen  inches 
thick)  are  substituted  for  block  riffles. 

The  grade  along  the  line  of  the  cut  and  tunnel  is  seven  inches  to 
fourteen  feet,  whilst  that  of  the  long  sluice  averages  nine  inches 
to  fourteen  feet. 

The  undercurrents  (ten  in  number)  are  similar  to  those  used  at 
the  French  Corral  Mine.  They  are  42  feet  long  (the  apron  over 
which  the  water  is  spread  forms  a  part),  20  feet  wide,  set  on  grades 
ranging  from  13|  inches  to  16  inches  per  box,  and  are  paved  with 
blocks  6  in.  X  17  in.  X  4  in.  in  size.f 

THE  SAVING   OF   GOLD — FINE   GOLD. 

The  most  efficient  means  of  saving  gold  from  cement  gravel  are 
by  a  liberal  use  of  the  best  shattering  powder,  breaking  the  cement 
before  it  is  washed  into   the  sluices,  and    by   the   introduction  of 

*  Each  box  fourteen  feet  in  length. 

f  The  statements  of  yield  of  the  French  Corral  and  Manzanita  mines  are 
condensed  from  the  oflScial  returns  of  the  Milton  Mining  and  Water  Company. 
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several  "drops,"  when  possible,  along  their  line.  Frequent  drops 
and  short  lines  of  sluices  give  better  results  than  one  long  continu- 
ous line  of  sluices.  Gravel  moving  in  sluices  is  subjected  to  a 
grinding  and  scouring  process,  which  alone  is  not  sufficient  to  disin- 
tegrate the  cement  gravel  except  at  considerable  cost. 

As  regards  the  saving  of  fine  gold,  it  may  be  stated  tliat  the 
lessening  of  grades  and  the  use  of  undercurrents  tend  to  diminish  the 
losses.  Extensive  lines  of  sluices  and  undercurrents  are  expensive 
to  build  and  keep  in  repair.  Like  the  last  concentrator,  so  the  last 
undercurrent  will  always  catch  some  metal.  So  long  as  the  knowl- 
edge of  the  quantity  of  gold  in  gravel  banks  remains  as  imperfect 
as  it  is  at  present,  the  simple  and  well-known  appliances  now  in  use 
are  the  most  convenient  and  economical,  and  the  excuse  so  often 
given  for  small  yields,  namely,  loss  of  microscopic  gold  and  bad 
sluices,  can  be  set  down  by  the  capitalist  as  one  of  the  preliminary 
indications  of  a  bad  investment. 

MEASUREMENT   OF   WATER. 

The  miner's  inch  is  an  arbitrary  measurement  of  water,  established 
in  early  days  by  the  miners  in  the  diiferent  camps,  in  accordance 
with  the  laws  they  adopted.  The  miner's  inch,  as  accepted  in  some 
districts,  is  an  amount  of  water  discharged  from  an  opening  one  inch 
square  through  a  two-inch  plank,  with  a  pressure  of  six  inches  above 
the  opening. 

The  Smartsville  inch  is  calculated  from  a  discharge  through  a 
four-inch  orifice,  with  a  seven-inch  board -top;  that  is  to  say,  the 
pressure  is  seven  inches  above  the  opening,  or  nine  inches  from  its 
centre.  The  bottom  of  the  aperture  is  on  a  level  with  the  bottom 
of  the  box,  and  the  board  which  regulates  the  pressure  is  a  plank 
1  inch  thick  and  7  inches  deep.  Thus  an  opening  250  inches  long 
and  4  inches  wide,  with  a  pressure  of  7  inches  above  the  top  of  the 
orifice,  will  discharge  1000  Smartsville  miner's  inches.  Each  square 
inch  of  the  opening  will  discharge  1.76*  cubic  feet  per  minute, 
which  approximates  the  discharge  per  inch  of  a  two-inch  orifice 
through  a  three-inch  plank,  with  a  pressure  of  9  inches  from  the 
centre  of  the  opening,  the  said  discharge  being  1.78  cubic  feet  per 
minute.  The  Smartsville  miner's  inch  will  discharge  2534.40 
cubic  feet  in  24  hours,  though  in  that  district  the  inch  is  only  reck- 
oned for  11  hours. 

*  Determined  bv  Mr.  Thurston. 
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The  miner's  inch  of  the  Park  Canal  and  Mining  Company,  in 
El  Dorado  County,  discharges  1.39  "^^  cubic  feet  of  water  per  minute. 
The  inch  of  the  South  Yuba  Canal 
Company  is  computed  from  a  discharge 
through  a  two-inch  aperture,  over  a  one 
and  a  half  inch  plank,  Nvith  a  pressure  of 
6  inches  from  the  centre  of  orifice. 

At  the  North  Bloomfield,  Milton,  and 
La  Grange  mines,  the  inch  has  been  cal- 
culated   from    a    discharge    through    an  jiC  \ 
opening    50    inches    long  and    2   inches           /                      jV  >\ 
wide,  through  a  three-inch  plank,  with          ~           " 
the  water  7  inches  above  the  centre  of  the  opening. 

To  determine  the  value  of  this  miner's  inch,  a  series  of  experi- 
ments were  made  at  Columbia  Hill,  lat.  39°  N.,  elevation  2900  feet 
above  sea-level.  The  module  used  was  a  rectangular  slit  50  inches 
long  and  2  inches  wide,  pressure  7  inches  above  the  centre  of  the 
opening.  The  discharge  was  over  a  three-inch  plank,  the  last  inch 
chamfered,  as  shown  in  the  sketch.  The  size  of  the  opening  was 
taken  with  a  measure  (micrometer  attached)  which  had  been  com- 
pared with  and  adjusted  to  a  standard  United  States  yard.  Time 
was  read  to  one-fifth  of  a  second.  The  level  of  the  water  (drawn 
from  a  large  reservoir)  was  determined  with  Boyden's  hooks,  mi- 
crometer adjustment.     The  following  results  were  obtained  : 

1  miner's  inch  will  discharge  in    1  second  .  .  .2624  cubic  feet. 

"            "                   "                   1  minute  .  1.5744           " 

"            "                   "                   1  hour      ,  .  94.4640           " 

"           "                   "                24  hours    .  .  2267  1360           " 

Ratio  of  actual  to  theoretical  discharge,  61.6  per  cent.  These 
figures  are  within  the  limit  of  1-500  possible  error.f 

A  series  of  experiments  made  last  summer  at  La  Grange,  to  de- 
termine the  etfective  value  of  the  above-described  inch,  gave  the 
following  results : 

1  miner's  inch  discharged  in  1  second  .  .  .2499  cubic  feet. 

"            "               "  1  minute  .  1.4994           " 

"            "               "  1  hour      .  .  89  9640           " 

"            "               "  24  hours     .  .  2159.1460           " 

Ratio  of  effective  to  theoretical  discharge,  59.05  per  cent.  | 

*  Estimated  by  J.  J.  Crawford,  M.  E. 

f  Experiments  were  made  in  1874  by  H.  Smith,  Jr. 

I  These  results  are  the  average  of  a  series  of  experiments  made  by  the  writer. 
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DITCHES. 

Before  describing  the  modus  operandi  of  hydraulic  washing,  a  few 
remarks  on  the  water-supply  system  of  the  gold  mining  regions  will 
not  be  inappropriate.  Thousands  of  miles  of  ditches  have  been 
built  throughout  the  State  for  the  purpose  of  conveying  water  to 
the  mines,  and  in  some  instances  are  now  being  used  likewise  for 
irrigation. 

The  use  of  steep  grades  for  running  water,  the  construction  of 
high  flumes,  and  the  successful  introduction  and  use  of  wrought  iron 
pipes,  are  all  due  to  hydraulic  mining. 

In  locating  mining  ditches,  the  following  rules  or  principles 
should  be  observed  : 

1.  The  securing  of  an  abundant  and  permanent  supply  of  water, 
particularly  during  the  summer  months. 

2.  That  the  source  of  supply  be  at  a  sufficient  elevation  to  cover 
the  greatest  range  of  mining  ground  at  the  smallest  expense,  hydro- 
static pressure  being  always  desirable. 

3.  The  snow  line,  when  possible,  should  be  avoided,  and  the  line 
should  be  located  so  as  to  have  a  southern  exposure,  particularly  in 
the  snow  regions. 

4.  All  watercourses  on  the  line  of  the  ditch  should  be  secured. 
Their  supply  partially  counteracts  the  losses  by  evaporation,  leakage, 
and  absorption,  and  frequently  furnishes  an  additional  quantum  of 
water  during  several  months  of  the  year. 

5.  Waste-gates,  at  proper  intervals,  should  be  arranged  so  as  to 
discharge  the  water,  when  necessary,  without  risk  of  damage  to  the 
ditch. 

6.  Ditches,  when  practicable  and  the  cost  not  excessive,  should 
always  be  preferred  to  flumes. 

Among  the  principal  ditches  constructed  in  the  State  are  the 
North  Bloomfield,  the  Milton,  the  Eureka  Lake,  San  Juan,  the 
South  Yuba  Canal,  Excelsior  or  China  Ditch,  Bouyer  and  Union, 
El  Dorado,  Cherokee  and  Spring  Valley,  Hendricks,  and  I^a  Grange. 

The  North  Bloomfield  main  ditch,  including  distributers,  is  55 
miles  long.  Its  size  is  8.65  feet  on  top,  5  feet  at  bottom,  and  3| 
feet  deep.  The  ditch  and  distributers  cost  $422,106.22.  •  Its  grade 
is  from  12  to  16  feet  per  mile,  discharging  3200  miner's  inches. 
The  Milton  Company's  ditches  are  100  miles  long,  and  their  average 
grade  is  from  12  to  25  feet  to  the  mile.  The  size  of  the  main  ditch 
is  4  feet  on  bottom,  6  feet  on  top,  and  3|  feet  deep,  discharging  3000 
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miner's  inches.  Cost,  $259,020.14.  The  Eureka  Lake  Ditch  is  18 
miles  long,  and  has  a  capacity  of  2500  miner's  inches.  Its  cost, 
inchiding  water  rights  and  flumes,  was  $430,250.     The  San  Juan 


La  Grange  Ditch. 

ditch  and  branches  extend  some  45  miles  in  length.  The  main 
ditch  is  32  miles  long,  and  its  capacity  is  1300  miner's  inches.  Their 
cost  was  S293,092.  These  two  last-mentioned  ditches  belong  to  the 
Eureka  Lake  and  Yuba  Canal  Company. 

The  main  ditch  of  the  South  Yuba  Canal  Company  (from  the 
head  to  Bear  River  is  H  miles  long)  is  6  feet  wide  on  top  and  5  feet 
deep,  with  a  grade  of  13  feet  per  mile.  Its  present  capacity  is  said 
to  be  7000  miner's  inches  of  water.     From  Bear  Valley  (the  junc- 


North  Blooiutield  ilain  Ditch, 


tion  of  the  main  and  Dutch  Flat  ditches),  the  size  of  the  canal  for 
the  succeeding  81 1  miles,  is  6  feet  wide  on  top,  4 J  feet  deep,  with  a 
grade  of  8  feet  to  the  mile.  The  Dutch  Flat  Ditch  is  13  miles  long. 
Its  size  is  6  J  feet  on  top,  4  feet  deep,  and  has  a  grade  of  13|-  feet 
per  mile.  The  capacity  of  this  ditch  is  3150  miner's  inches  of  water. 
The  Chalk  Bluff  Ditch  is  6  feet  wide  on  top,  and  5  feet  deep,  with  a 
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grade  of  13  feet  per  mile,  and  has  a  capacity  of  4100  miner's  inches. 
The  several  ditches,  etc.,  owned  by  the  South  Yuba  Canal  Company, 
have  an  aggregate  length  of  123  miles.  The  Excelsior  or  China 
Ditch,  at  Smartsville,  is  33  miles  long.  Size,  5  feet  bottom,  8  feet 
on  top,  and  carries  4  feet  of  water.  The  grade  is  9  feet  to  the  mile, 
and  the  ditch  discharges  1700  Smartsville  miner's  inches.  The  . 
Bouyer  and  Union  ditches  are  each  about  15  miles  long.  Size,  4 
feet  on  bottom,  8  feet  on  top,  carrying  3|  feet  of  water.  Their  grades 
are  13  feet  to  the  mile,  discharging  each  1200  Smai'tsville  miner's 
inches.  There  are  several  minor  ditches  which  deliver  water  in  and 
around  Smartsville.  The  total  capacity  of  all  the  ditches  is  5000 
Smartsville  miner's  inches,  and  the  whole  investment  in  this  class  of 
property,  in  this  locality,  approximates  $1,200,000. 

The  Spring  Valley  and  Cherokee  Ditch  is  52  miles  long,  and  has 
3J  miles  of  iron  pipe,  30  inches  in  diameter.  The  size  of  the  ditch 
averages  5  feet  wide,  3|  feet  deep,  discharging  about  2000  inches  of 
water. 

The  Hendricks  Ditch,*  in  Butte  County,  is  46J  miles  long ;  grade 
of  the  upper  line  of  ditch,  12.8  feet  per  mile;  grade  of  the  lower 
line,  6.4  feet  per  mile;  dimensions,  5  feet  wide,  2  feet  deep.  Total 
cost,  including  Glen  Beatson  Ditch  and  Oregon  Gulch  Ditch, 
$136,150. 

The  La  Grange  Ditch,t  including  Patricksville  branch,  is  over 
20  miles  in  length.     Size,  9  feet  on  top,  6  feet  bottom,  4  feet  deep. 


La  Grange  Flume.    Crossing  at  Indian  Bar. 

Grade  from  7  to  8  feet  to  the  mile.     The  greater  part  of  the  ditch 
is  cut  in  granite,  and  in  places  there  are  solid  walls  50-  to  70  feet 

*  See  Raymond's  Eeport,  1873,  pp.  73,  74. 

f  The  original  ditch,  about  19  miles  long,  is  said  to  have  cost  |375,000.  Since 
its  completion,  the  Patricksville  Ditch  and  reservoir  have  been  built  at  a  cost  of 
$75,000. 
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high,  built  of  stone.     It  discharges  2700  miner's  inches  of  water, 
and  its  cost  to  date  is  about  §450,000. 


Section  of  Wall  Ditch  on  Line  of  La  Grange  Mining  Company's  Ditch. 
GENERAL    OBSERVATIONS. 

Ditches  in  California  with  carrying  capacities  as  large  as  eighty 
cubic  feet  per  second  have  been  built,  and  are  now  in  successful 
operation,  with  grades  of  from  sixteen  to  twenty  feet  per  mile.  In 
a  mountainous  country,  where  steep  grades  can  be  generally  obtained 
by  a  slight  increase  in  the  length  of  the  canal,  and  where  the  cost 
of  excavation  is  large,  a  great  saving  can  be  effected  by  using  the 
smallest-sized  canals  and  aqueducts  practicable  to  carry  the  given 
quantity  of  water,  or,  in  other  words,  by  running  water  rapidly 
through  a  small  channel  rather  than  slowly  through  a  large  one.  It 
is  found  to  be  safer  and  more  economical,  on  account  of  the  deep 
snows  and  terrific  storms  which  rage  in  the  mountains  during  the 
winter,  to  run  and  maintain  in  repair  narrow  and  deep  ditches  on 
heavy  grades  than  broad  ones  with  light  grades.  The  experience 
of  the  ditch-builders  in  this  State  has  been  highly  favorable  to  these 
steep  grades,  but  little  trouble  being  caused  by  the  washing  of  the 
banks  due  to  high  velocities.*  In  the  valleys  with  ashy  soil  such 
grades,  of  course,  ^vould  not  be  practicable. 


*  These  narrow  ditches  with  steep  grades  do  not  discharge  within  25  to  30 
per  cent,  of  the  amount  of  water  given  by  the  formulas  for  "  the  discharge  of 
water  in  canals." 
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FLUMES,    AND   THEIR   CONSTRUCTION. 

In  crossing  ravines,  flumes  or  wrought  iron  pipes  are  used. 
Many  miners  object  to  flumes  on  account  of  their  continual  cost  and 
danger  of  destruction  by  fire.  Where  practicable  they  are  set  on 
heavier  grades  than  ditches,  30  to  35  feet  per  mile,  and  are  con- 
sequently of  proportionately  smaller  area  than  the  ditches.  In 
their  construction  a  straight  line  is  the  most  desirable.  Curves, 
where  required,  should  be  carefully  set,  so  that  the  flume  may  dis- 
charge its  maximum  quantity.  Many  ditches  in  California  have 
miles  of  fluming.  The  annexed  sketch  will  show  the  ordinary  style 
of  construction. 

The  planking  ordinarily  used  is  of  heart  sugar-pine,  1|  to  2  inches 
thick,  and  12  to  18  inches  wide.  Where  the  boards  join,  pine 
battens,  3  inches  wide  by  1|  thick,  cover  the  seam.  Sills,  posts, 
and  caps  support  and  strengthen  the  flume  every  four  feet.     The 

Sketch  of  Flume. 


posts  are  mortised  into  the  caps  and  sills.  The  sills  extend  about 
twenty  inches  beyond  the  posts,  and  to  them  side  braces*  are  nailed 
the   structure.     This  extension   of  the  sill   timbers 


to    strengthen 


*  Side  braces  and  the  extra  extension  of  the  sill  are,  in  many  cases,  only  an 
unnecessary  expenditure  of  money. 
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affords  a  place  for  the  accumulation  of  snow  and  ice,  and  in  the 
naountains  such  accumulations  frequently  break  them  off,  and  occa- 
sionally destroy  a  flume. 

To  avoid  damage  from  slides,  snow  and  wind  storms,  the  flumes 
are  set  iu  as  close  as  possible  to  the  bank,  and  rest  wholly  or  par- 
tially on  a  solid  bed,  according  as  the  general  topography  and  costs 
will  admit.     Strins-ers  running;  the  entire  length  of  the  flume  are 


JfiUon  JFlume. 

Grade  32'jjer  JfiZc. 


llode  of  securing  a  flume 
on  the -Mountain  side. 


The  details  of  the  cost  and  construction  of  this  flume  are  to  be  found  in  Raymond's  Report,  1875. 

placed  beneath  the  sills  just  outside  of  the  posts.  They  are  not 
absolutely  necessary,  but  in  point  of  economy  are  most  valuable,  as 
they  preserve  the  timbers.  As  occasion  may  demand,  the  flume  is 
trestled,*  the  main  supports  being  placed  every  eight  feet.  The 
scantlinar  and  struts  are  used  in  accordance  with  the  requirements  of 
the  work. 
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WROUGHT   IRON    PIPES. 

The  use  of  sheet  iron  pipes  for  conveying  water  in  large  quan- 
tities originated  with  the  hydraulic  miner.  Their  insignificant 
weight,  coupled  with  their  great  strength  (tensile),  admirably 
adapted  them  to  the  service  for  which  they  have  been  employed. 

The  general  sizes  of  the  pipes  used  in  the  mines  are  40,  30,  22, 
15,  and  11  inches  in  diameter,  of  riveted  light  sheet  iron.  No.  16, 
14,  or  12  iron,  Birmingham  gauge,  made  in  lengths  of  about  20 
feet,  and  put  together  in  stovepipe  fashion,  neither  rivets  nor  wire 
being  used  to  hold  the  joints  in  place.  These  pipes  are  light  and 
can  be  readily  and  cheaply  moved ;  this  in  hydraulic  mining  is  of 
great  importance,  as  it  is  often  requisite  to  change  the  position  of 
the  lines  of  pipe.  Pipe  put  together  in  this  rough  manner  will 
remain  tight  when  subjected  to  even  as  great  a  pressure  as  200  lbs. 
to  the  square  inch.  Where  the  pressure  requires  it,  lead  joints  are 
used.  (See  sketch.)  A  represents  the  pipe;  £  an  iron  sleeve,  be- 
tween which  and  the  pipe  the  lead,  represented  by  dotted  lines,  is 
poured ;  C  is  a  flange  bolted  to  one  length  of  the  pipe  on  the  inside, 
for  the  other  pipe  to  fit  over,  as  shown. . 


<—  i  — -> 


ea^^mmismsi 


s^ 


Xead  Joint  for  Tijpu. 


Though  roughly  constructed  and  of  very  light  iron,  this  kind  of 
pipe  (connected  more  like  stovepipe  than  water-pipe),  is"  found  in 
practice  to  be  most  serviceable,  and  from  its  form,  floating  particles 
of  matter  readily  render  it  water-tight.  Such  a  pipe,  12  inches  in 
diameter,  made  of  No.  18  iron,  is  riveted  in  the  longitudinal  seams 
every  inch  to  inch  and  a  quarter;  whilst  in  the  round  seams  the 
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rivets,  which  are  only  ^  of  an  inch  in  diameter,  may  be  as  much  as 
3"  apart,  showing  daylight  between  the  iron ;  but  after  the  water  has 
run  through  the  pipe  a  short  time  nearly  all  leaks  stop.  If  necessary, 
however,  two  or  three  bags  of  sawdust  put  in  the  inlets,  and  a  few 
shovelfuls  of  earth,  will  usually  make  everything  tight. 

This  class  of  pipe  is  now  being  replaced  by  one  of  better  make, 
in  which  the  round  seams  are  made  with  rivets  f  of  an  inch  apart, 
and  the  longitudinal  seams  are  double  riveted,  with  rivets  1  inch 
apart  in  the  row,  and  with  about  ^  inch  apart  from  one  row  to  the 
other.  If  riveted  with  care,  such  pipes,  after  being  dipped  in  an 
asphaltum  bath,  are  excellent,  and  will  last  for  many  years. 

For  this  asphaltum  bath  the  following  preparation  can  be  used  : 


Or, 


Crude  asphaltum,  .         .         .         .         .28  per  cent. 

Coal  tar  (free  from  oily  substances),     .         .     72        '' 

Keflned  asphaltum,        .....     16J  per  cent. 
Coal  tar  (free  from  oily  substances),     .         .     83J        " 


When  the  mass  has  been  boiled  to  a  proper  consistency,  and  by 
test  the  coating  is  found  to  be  brittle,  it  at  once  indicates  that  the 
mixture  has  been  boiled  too  hot,  or  that  there  was  too  much  oil  in 
the  tar  or  asphaltum. 

THE   THICKNESS    OF    THE    IRON,    RIVETS,    ETC. 

The  thickness  of  the  iron  is  usually  proportionate  to  the  head  of 
water  and  the  diameter  of  the  pipe.  Pipes  made  of  the  different 
sizes  iron  here  mentioned  will  stand  the  following  strain  per  sec- 
tional inch. 

Made  to  stand  strain 
No.  of  Iron.  per  sectional  inch, 

lbs.  Avd'p. 

12, 7000  to      9000 

12  to  9, 9000   "  12,000 

9    "  y\  inch,      ....  12,000    <'   14,000 

I  inch  to  -|  inch,         .         .         .  17,000   "  18,000 

The  head  of  the  water  in  pounds  avoirdupois,  multiplied  by  the 
diameter  of  the  pipe  in  inches  and  divided  by  the  above  coefficients, 
gives  twice  the  thickness  of  the  iron  to  be  used.  Allowance  must 
be  made  for  the  security  required,  that  is,  if  the  breakage  of  the 
pipe  will  cause  much  damage  it  is  advisable  to  lower  the  margin  for 
greater  safety. 
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The  diameter  of  the  rivets  usually  used  are: 

No.  18.      No.  16.     Nos.  14,  12,  11.     Nos.  10,  8,  7.     No.  ^.     No.  j%.     No.  |. 
A  in.        A'n.  1^6  in-  I '"■  i  in-         fin.  fin. 

They  are  usually  spaced  to  make  the  pipe  tight,  that  is,  closer  than 
is  necessary  for  the  strength  of  the  seam ;  but  this  in  turn  is  gov- 
erned by  the  pressure  on  the  pipes. 

Table  showing  usual  distance  of  rivets  for  corresponding  thickness  of 
iron.     Items  relating  to  a  22  inch  ivrought  iron  pipe. 
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When  the  pipe  is  made  and  put  in  position,  air- valves  are  pro- 
vided, to  allow  the  escape  of  air  from  the  pipe  whilst  filling,  and 
especially  to  prevent  any  collapse  should  a  break  occur.  These 
valves  are  of  many  forms,  the  most  usual  being  a  piece  of  leather, 
loaded  and  forming  a  valve  opening  to  the  inside  of  the  pipe,  and 
when  shut  covering  a  plain  hole  of  from  1"  to  4"  on  the  top  side  of 
the  valve.  When  required,  a  better  class  of  valve  is  used,  which 
sinks  and  opens  when  the  water  leaves  it,  and  floats  and  shuts  when 
the  water  rises  up  to  it.  (See  sketch.)  An  important  point  is  the 
admission  of  the  water  to  the  pipe  in  such  a  way  as  to  prevent  air 
from  being  sucked  into  and  travelling  along  the  pipe,  which  will 
happen  and  in  large  quantities  unless  the  water  is  regulated.  The 
be.st  plan  is  to  put  a  gate  in  the  pipe,  a  little  below  the  level  where 
the  water  enters  it,  and  regulate  the  flow  by  the  gate,  and  by  this 
means  a  steady  pressure  without  violent  oscillation  can  be  obtained. 
Usually,  however,  the  water  enters  through  a  funnel-shaped  pipe, 
which  allows  the  air  to  escape  as  it  enters,  and  with  a  little  care  can 
be  made  to  answer  every  purpose.  In  some  instances  an  air  or  stand- 
pipe  is  put  in  at  a  distance  from  the  inlet.  This  catches  the  air  as  it 
travels  along  the  top  of  the  pijje  and  allows  it  to  escape. 
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The  following  figures,*  given  in  tabular  form,  show  the  details  of 
the  construction  of  wrought  iron  pipe,  18  inches  in  diameter,  5800 
feet  long,  manufactured  by  the  Risdon  Iron  and  Locomotive  Works, 
San  Francisco,  for  the  Spring  Valley  Water  Company,-  which  supplies 
the  City  of  Francisco  with  water.     The  information  here  afforded 


Air  Valve/or  22"  Water  Pipe. 

mechanical  engineers  is  sufficiently  explicit  for  the  construction  of 
wrought  iron  pipes.  This  pipe  has  a  tensile  strain  of  about  5000  or 
6000  lbs.  per  sectional  inch,  and  has  been  made  with  this  low  co- 
efficient in  order  to  withstand  the  pulsation  caused  by  a  single-acting 
plunger  pump,  making  as  high  as  36  single  (4  feet  in  length)  strokes 
per  minute. 

These  oscillations  are  found  in  practice  to  run  from  5  to  9  lbs. 
per  stroke  when  the  air-vessel  is  properly  charged,  otherwise  by 
carelessness  it  may  exceed  50  lbs.  per  stroke. 


*  The  data  have  been  obtained  from  Joseph  Moore,  M.  E.,  Superintendent  of 
the  E..  I.  and  L.  Works,  under  whose  immediate  direction  the  pipe  was  con- 
structed. 
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At  Cherokee  there  is  an  inverted  siphon  of  wrought  iron.  The 
pipe  has  an  approximate  inner  diameter  of  30  inches,  discharging 
52  cubic  feet  of  water  per  second.  It  has  been  in  continuous  use  for 
five  years,  and  is  now  in  first-class  order.  The  iron  used  was  ordi- 
nary English  plate  of  fair  quality.  The  greatest  pressure  it  sustains 
is  887  feet,  and  the  thickness  of  the  iron  at  that  point  is  three- 
eighths  of  an  inch. 

The  plan'^  on  the  next  page  taken  from  the  original  survey  on  file 
in  the  office  of  the  company,  shows  the  line  of  the  pipe,  and  different 
sizes  of  iron  used  in  construction  of  the  siphon.  The  maximum 
strains  on  the  several  sizes  of  iron  used  are  given  in  the  followino- 
table : 


SIZE  OF  IRON. 

GREATEST  PRESSURE. 

Maximum  tensile 
strain    on    iron 
per  square  inch, 
in  pounds. 

No.  of  gauge. 
B.  G. 

Thickness  in  deci- 
mals of  an  inch. 

Feet. 

Pounds. 

14 
12 
11 
10 

t 

.083 
.109 
.012 
.134 

.187 
.250 
.312 
.375 

170 
288 
293 
355 
435 
594 
842 
887 

74 
125 
127 
154 
188 
257 
3fi5 
384 

13,374 
17.202 
15,875 
17,240 
15,080 
15,420 
17,549 
15,360 

« 

The  Virginia  City  Water  Company,  Nevada,  has  constructed  a 
similar  wrought  iron  siphon,  11^  inches  in  diameter.  The  maximum 
pressure  in  its  greatest  depression  is  1720  feet,  equal  to  750  lbs.  per 
square  inch.  The  thickness  of  the  iron  at  the  lowest  point  of  de- 
pression is  No.  0.  The  pipe  was  hot-riveted,  |-inch  rivets,  double 
row  on  straight  seam  and  single  row  on  round  seam.  This  pipe, 
when  tested,  is  said  to  have  stood  a  pressure  of  1400  lbs.  per  square 
inch.f 

THE   SUPPLY   OR    FEED-PIPES. 

The  water  is  conveyed  to  the  claims  in  iron  pipes  froiji  the 
pressure-box,  and  by  means  of  iron  distributers  on  the  lower  end 
of  the  feed-pipe  it  is  distributed  to  the  discharge-pipe  as  required. 

*  The  Mining  and  Scientific  Press  of  January  7th,  1871,  contains  a  detailed 
account  of  the  construction  of  this  pipe,  and  also  gives  a  diagram  of  the  line. 

f  The  Virginia  City  Water  Company  has  constructed  a  second  siphon,  made 
of  lap-welded  pipe,  10  inches  inner  diameter,  ^-inch  iron,  and  placed  it  alongside 
of  the  siphon  already  built. 


HYDRAULIC   MINING  IN   CALIFORNIA. 


73 


The  pressure-box  should  be  strongly  built,  and  the  water  sup- 
plied in  sufficient  volume  to  keep  the  top  of  the  pipe  covered  several 
feet.  A  ffratins:  on  the  end  of  the  flume  which  connects  with  the 
box  prevents  the  entrance  of  foreign  material,  such  as  sticks,  leaves, 
etc.  The  pipe  is  of  uniform  diameter  down  to  the  distributer,  ex- 
cept where  it  enters  the  pressure-box.  Here  it  swells  to  a  funnel 
shape,  connecting  at  its  greatest  diameter  with  the  box.  The  size  of 
the  feed-pipe  is  determined  by  the  head  and  quantity  of  water  to  be 
used.  The  thickness  of  the  iron  of  which  it  is  constructed  varies 
with  the  diameter  of  the  pipe  and  according  to  the  hydrostatic 
pressure. 

As  it  is  not  desirable  to  alter  the  position  of  the  main  feed-pipe 
often  when  in  place,  it  should  descend  in  the  most  conveniently 
direct  line  into  the  diggings,  avoiding  as  far  as  practical  all  angles, 
rises,  and  depressions.  Air-valves  with  floats,  or  such  valves  as  will 
open  and  close  automatically,  should  be  arranged  at  proper  points, 
to  allow  the  escape  of  air  when  filling  the  pipe,  and  also  to  prevent 
any  collapse  from  atmospheric  pressure  should  a  vacuum  occur. 


Distributing  Gate. 


Where  the  pipe  passes  over  steep  banks  into  the  claim,  it  is  car- 
ried on  an  incline  trestle,  and  braced,  care  being  taken  to  prevent 
any  movement  or  sliding  of  the  column.  When  necessary,  the  pipe 
is  secured  with  framework  and  weighted  with  stones.     At  the  bot- 
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torn  of  this  incline,  where  it  reaches  the  bed-rock  or  level  of  the 
workings,  it  is  securely  braced  and  weighted. 

A  distributing-box  (made  of  cast  iron  into  which  the  supply-pipe 
is  led,  and  from  which  one  or  more  branches  can  be  taken  as  wanted 
by  means  of  valves)  is  generally  placed  at  this  point.  In  some 
claims  double  distributing  gates  are  used,  in  others  the  main  pipe  is 
here  forked  by  means  of  a  breeching  having  two  branches,  and  a 
distributer  placed  on  each  branch.  The  branch  pipes  (generally  1 1 
and  15  inches  in  diameter)  connect  directly  with  the  discharge  nozzles. 

The  annexed  sketch  shows  the  form  of  a  single  "distributer" 
used  in  hydraulic  mines.  This  style  of  distributer  is  also  used  as  a 
discharge  gate  for  reservoirs. 

In  filling  the  feed-pipe  the  water  should  be  turned  on  gradually, 
all  sudden  straining  of  the  column  being  thus  avoided.  Any  leak- 
ages in  the  slip-joints  can  be  readily  stopped  with  a  few  bags  of  saw- 
dust, and  by  wedging  them  with  thin  pieces  of  soft  pine. 

THE    DISCHARGE-PIPES. 

The  discharge-pipe  most  generally  used  is  called  the  ''Little 
Giant."*  It  is  portable  and  easily  handled,  having  a  knuckle-joint 
and  lateral  movement.  The  ''Giants"  have  stream  concentrators, 
and  the  nozzles  used  are  from  4  to  9  inches  in  diameter,  5|  to  7-inch 
nozzles  being  those  most  generally  in  use.  The  number  of  "Giants" 
employed  in  a  claim  depends  on  its  size  and  quantity  of  available 
water.     There  are  generally  two  or  three  used  in  a  claim. 

The  annexed  sketch  (Fig.  I)  shows  the  general  form  of  the  Little 

The  Little  Giant.     (Hoskin's  patent.) 
Fig.  I. 


Section  along  line  c,  showino  the  ri/lcs. 


*  Other  nozzles  in  use  are  the  "  Dictator,"  of  Mr.  Hoskins,  who  also  invented 
the  "  Little  Giant,"  Craig's  "  Globe  Monitor,"  and  the  "  Hydraulic  Chief,"  an 
invention  of  Mr.  P.  Fisher. 
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Giant.  Fig.  2  represents  a  monitor  hydraulic  machine  with  a  "de- 
flecting nozzle,"  the  invention  of  Mr.  Henry  C.  Perkins,  superin- 
tendent of  the  North  Bloomfield  Gravel  Mining  Company. 

By  means  of  the  "  deflecting  nozzle"  the  Giant  can  be  turned  to 
any  point,  and  the  stream  issuing  from  the  pipe  can  be  directed 
with  the  greatest  facility.  Its  workings  will  be  easily  understood 
from  the  following  explanation  : 


A,  Cast  iron  nozzle. 

B,  Deflecting  nozzle  of  wrought  sheet  iron,  attached  to  A  by  a  joint  similar  to  a  compass 
gimbal. 

C  is  a  lever  to  govern  the  movement  of  B. 

D  is  a  rest  for  lever,  B. 

The  operation  is  as  follows:  When  the  lever,  C,  is  in  the  rest,  D,  the  deflecting  nozzle,  B,  allows 
the  stream  of  water  from  nozzle,  A,  to  pass  through  without  obstruction.  To  move  the  pipe  the 
lever  is  taken  from  the  rest  and  thrust  iu  the  direction  it  is  desired  to  throw  the  stream.  Any 
movement  of  the  lever,  C,  either  to  the  right  or  left,  or  up  or  down,  throws  the  end  of  the  nozzle,  B, 
into  the  stream  of  water,  and  the  force  of  the  water  striking  it  changes  the  course  of  the  discharge, 
the  entire  machine  moving  in  accordance  with  each  change  of  the  deflector.  The  joint  attaching 
B  to  A  being  a  universal  joint,  the  nozzle  can  be  turned  in  any  direction. 


STORAGE    RESERVOIRS. 

"When  water  is  not  taken  from  running  streams,  the  mines  are 
dependent  for  their  supply  on  the  winter  rains  and  snows.  Large 
reservoirs  are  built  to  catch  the  water  from  the  rains  and  melting 
snows,  and  store  it  in  the  spring  and  summer  months  for  use  during 
the  dry  season. 

The  North  Bloomfield  Company  has  established  a  complete  system 
of  reservoirs  for  the  storage  of  water.  The  Bowman  reservoir,  and 
the  small  reservoirs  about  it,  will  hold,  when  the  main  dam  is  com- 
pleted to  a  height  of  96  feet  3  inches,  about  1,000,000,000  cubic  feet 
of  water.    The  cost  of  the  reservoirs  and  dam  to  date  is  $214,392.06. 

The  Eudyard  reservoir,  of  the  Milton  Company,  contains  535,- 
000,000  cubic  feet  of  water,  or  3,980,000,000  gallons.    The  reservoir 
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is  formed  by  l^  dams,  the  highest  being  100  feet  vertical,  and  its  cost 
$150,000.  The  storage  reservoirs  of  the  Eureka  Lake  and  Yuba 
Canal  Company,  consisting  of  the  French,  Weaver  Lake,  and  Fanch- 
erie  reservoirs,  have  an  estimated  aggregate*  capacity  of  819,800,000 
cubic  feet  of  water.  Independent  of  these  reservoirs,  all  mines  at  a 
convenient  distance  from  their  works  have  what  are  called  distribut- 
ing reservoirs.  From  these  places  water  is  easily  distributed  to  the 
claims,  or  they  are  used  to  retain,  the  surplus  coming  from  the  main 
ditch  when  the  claims  are  shut  down. 

DAMS. 

In  California,  the  rainfall  from  the  1st  of  May  to  the  middle  of 
October  is  inconsiderable,  and  hence,  in  order  to  secure  a  permanent 
supply  of  water  for  the  hydraulic  mines,  it  has  been  in  many  cases 
necessary  to  form  large  reservoirs,  in  which  water  is  impounded 
during  the  rainy  season,  or  while  the  mountain  snows  are  melting, 
which  is  used  to  supply  the  mines  during  the  dry  months. 

Large  dams  of  earth,  timber,  or  stone  have  been  constructed  to 
form  these  storage  reservoirs.  Amongst  the  most  considerable  dams 
in  the  State  are :  The  Bowman  dam,  height  100  feet;  catchment,  28.94 
square  miles ;  three  dams  owned  by  the  Milton  Mining  and  Water 
Company,  forming  the  English  reservoir ;  the  largest  of  these  dams 
having  a  height  of  131  feet  from  the  deepest  portion  of  its  founda- 
tion to  its  summit;  this  reservoir  impounds  618,000,000  cubic  feet 
of  water,  has  a  high-water  area  of  about  395  acres,  and  is  fed  from 
a  catchment  basin  12.1  square  miles;  the  cost  of  three  dams  has 
been  about  $150,000  ;  the  Fordyce  dam  of  the  South  Yuba  Canal 
Company,  height  60  feet,  costing  about  $160,000;  catchment  basin, 
about  40  square  miles;  the  Eureka  Lake  dam  of  the  Eureka 
Lake  and  Yuba  Canal  Company,  height  68  feet,  storage  capacity 
630,000,000  cubic  feet,  high-water  area  328  acres ;  catchment  basin, 
5.1  square  miles. 

All  the  foregoing  dams  are  built  of  dry  rubblestone,  and  faced 
with  a  water-tight  lining  of  plank.  The  Tuolumne  County  Water 
Company  has  several  large  dams  built  of  timber-cribs.  The  largest 
dam  built  by  this  company  is  across  the  south  fork  of  the  Stanislaus 
River. 

*  French  reservoir,  661,000,000  cubic  feet  capacity  ;  Weaver  Lake  reservoir, 
100,000,000  cubic  feet  capacity;  Faneherie  reservoir,  58,800,000  cubic  feet  ca- 
pacity.    See  Eeport  of  J.  D.  Hague,  M.  E.,  pp.  15,  16,  17. 
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It*  is  over  60  feet  in  height,  and  300  feet  wide  on  top  (across  the 
stream),  forming  a  reservoir  with  300  acres  high-water  area.  The 
catchment  is  of  large  size,  and  great  freshets  pass  over  the  dam. 
The  dam  is  at  an  elevation  of  about  8000  feet  above  the  sea-level. 

It  is  built  of  cribs  of  round  tamarack  logs,  from  2  to  3  feet  in  diam- 
eter, and  with  no  stone-filling.  The  cribs  are  about  8  feet  square  from 
log  to  log  (say  10  feet  centre  to  centre),  and  the  timbers  pinned  to- 
gether by  wooden  treenails.  The  dam  rests  for  its  entire  base  on 
solid  granite  bed-rock.     The  angle  of  face  with  horizon  is  50°. 

The  face  is  formed  of  flattened  8-inch  timbers,  pinned  with  wooden 
treenails  to  the  crib,  and  calked  with  cedar-bark.  The  flood-water 
passes  over  the  crest  of  the  dam  for  its  entire  length. 

The  water  is  drawn  off  by  several  gates,  one  above  the  other, 
placed  on  the  inclined  water- face.  When  a  gate  is  opened,  the  water 
flows  directly  into  the  interstices  of  the  crib. 

The  dam  was  built  in  1856,  and  has  needed  no  repairs.  Large 
derricks  lifted  the  logs  into  place.  The  total  cost  of  the  dam  did 
not  exceed  §40,000. 

Pine  dams,  owned  by  the  same  company,  constructed  on  the  same 
plan,  have  decayed,  while  cedar  cribs  are  still  in  perfect  order. 

The  Spring  Valley  Company's  Concow  reservoir  is  formed  by 
two  earthen  dams,  each  about  55  feet  in  height;  one  of  these  dams, 
which  is  used  as  a  waste,  has  its  lower  side  built  of  heavy  brush, 
imbedded  in  the  earth. 

The  catchment  basins  of  most  of  these  reservoirs  embrace  bare 
mountain  slopes  and  valleys,  and  in  ordinary  seasons  from  60  to  80 
per  cent,  of  the  rain  and  snowfall  flows  into  the  reservoirs. 

The  Bowman  dam,  owing  to  its  position,  has  been  constructed  by 
the  North  Bloomfield  Company  with  due  reference  to  the  possibilities 
of  breaks  occurring  in  the  several  other  reservoirs  east  of  it,  and  it 
is  intended,  in  any  emergency,  to  hold  the  drainage  not  only  of  its 
own  watershed,  but  also  in  case  of  accident  to  withstand  any  rush 
of  water  from  the  reservoirs  beyond  it.  It  is  the  largest  dam  on 
the  coast.  The  following;  detailed  account  of  it  was  written  for  this 
paper  by  Mr.  Hamilton  Smith,  Jr.,  C.  E.,  who  planned  and  con- 
structed the  dam : 


*  These  details  were  received  from  Mr.  Dobie,  who  for  many  years  had  charge 
of  the  reservoirs  and  ditches  of  the  Tuolumne  County  Water  Company. 
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THE   BOAVMAN    RESERVOIR    AND    DAMS. 

This  reservoir  was  designed  for  the  supply  of  water  during  the 
dry  season  of  the  year  for  the  Blootufield  Hydraulic  Gravel  Mine, 
owned  and  operated  by  the  North  Bloomfield  Mining  Company. 

It  is  located  in  a  mountain  valley,  on  the  head- waters  of  one  of 
the  branches  of  the  Yuba  River,  in  Nevada  County,  California,  at 
an  elevation  of  5400  feet  above  sea-level. 

THE    BOWMAN    DAMS. 

1 

Section  across  Canon 
through  main  dam. 


ffranite 


It  is  fed  from  a  gross  catchment  basin  of  28.94  square  miles. 
There  are  a  number  of  other  reservoirs  owned  by  the  Bloomfield  and 
Eureka  Lake  companies  on  the  same  stream  above  the  Bowman 
reservoir;  the  upper  one  of  these  is  of  large  size,  holding  630,000,000 
cubic  feet  of  water.  In  ordinary  seasons  these  upper  reservoirs  retain 
all  the  water  flowing  into  them ;  hence  the  catchment  basin  of  the 
Bowman  is  only  about  22  square  miles,  except  in  years  of  large  rain- 
fall. The  mean  annual  rain  and  snowfall  at  the  Bowman  dam  has 
been  77.91  inches  for  the  past  five  years,  of  which  about  75  per  cent, 
flows  into  the  reservoir.  Two  dams  are  needed  to  impound  the 
water.  The  main  one,  placed  across  the  narrow  gorge  forming  the 
outlet  of  the  valley,  has  a  maximum  height  of  100  feet  (96^  feet 
above  datum  base-line),  and  an  extreme  length  on  top  of  425  feet. 
The  smaller  dam,  placed  across  a  gap  near  the  mouth  of  the  valley, 
has  a  maximum  height  of  54  feet,  and  an  extreme  length  on  top  of 
210  feet.  It  is  fitted  with  wasteways,  and  over  it  will  be  discharged 
all  the  surplus  water  from  the  reservoir. 

Ordinary  high-water  mark  will  be  fixed  at  a  point  4  feet  below 
the  summit  of  the  main  dam,  being  coincident  with  the  crest  of  the 
waste  dam.     At  this  height  there  will  be  impounded  845,000,000 
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cubic  feet  of  water,  with  a  surface  area  of  502  acres.  By  placing  tempo- 
rary flush-boards  on  the  top  of  the  waste  dam,  the  water  can  be  brought 
up  to  the  95-feet  line  (above  datum  base),  increasing  the  quantity  of 
water  stored  to  920,000,000  cubic  feet. 

The  canon  or  stream  feeding  the  reservoir  has  a  maximum  flow 
during  great  freshets  of  from  5000  to  7000  cubic  feet  of  water  per 
second.  The  existence  of  other  reservoirs  higher  up  the  stream  adds 
to  the  danger  from  great  floods,  and  therefore  the  Bowman  dams 
have  been  designed  to  withstand  not  only  the  freshets  in  the  canon, 
but  also  any  additional  influx  of  water  caused  by  breaking  of  upper 
dams. 

DESCRIPTION   OF   THE    MAIN    DAM. 

Sketch  1  shows  a  profile  across  the  canon,  being  a  longitudinal 
section  through  the  dam.  Sketch  2  gives  a  cross  section  of  the  dam 
at  its  extreme  height. 


Section  through  main  dam 
at  deepest  ])oiut . 


^  ^_ ^^2^Aft.  Watermarl:. 


72ft.  Watermark, 


■'^'i'liiner. 


It  rests  on  solid  granite  bed-rock,  which  is  sufficiently  free  from 
seams  to  prevent  any  considerable  leakage  through  crevices  in  the 
rock. 

The  dam  was  built  in  the  year  1872  to  the  height  of  72  feet,  as 
shown  by  sketches,  being  a  timber  crib  formed  of  cedar  and  tamarack 
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unhewn  logs,  firmly  notched  and  bolted  together,  and  solidly  filled 
with  loose  stone  of  small  size.  A  skin  of  pine  planking  spiked  to 
the  water  face  formed  its  water-tight  lining.  During  the  years  1875 
and  1876  the  dam  was  increased  to  the  height  of  96^  feet  above  da- 
tum line  (100  feet  extreme  height)*  by  filling  in  a  stone  embank- 
ment on  the  lower  side  of  the  old  structure,  faced  with  heavy  walls 
of  dry  rubblestone  of  large  size.  The  down-stream  face- wall  is  15 
to  18  feet  thick  at  the  bottom,  diminishing  to  6  or  8  feet  at  the  top. 
Most  of  the  face-stone  in  this  wall  are  of  good  size,  weij2;hino;  from 
f  to  4J  tons,  and  there  are  many  stones  of  equal  weight  in  the  back- 
ing. The  lower  portion  of  the  wall  is  17 J  feet  high,  with  a  batter 
of  15  per  cent.  It  is  built  of  heavy  stone  with  ranged  horizontal 
beds,  and  with  the  face-stone  tied  to  the  backing  with  long  iron 
clamps. 

The  upper  portion  of  the  wall  is  built  with  a  slope  of  45°,  and 
the  face-stone  are  bedded  on  an  angle  of  22|°,  thus  dividing  the 
angle  between  a  horizontal  bed  and  a  bed  at  right  angles  to  the  face. 
No  attempt  at  range  work  was  made  in  this  upper  portion  of  the  wall. 
Above  the  68-feet  line  ribs  of  flattened  cedar  8  inches  thick  are 
built  into  the  up-stream  face-wall,  and  are  tied  to  it  by  iron  rods 
f  inch  diameter  and  5  feet  long.  To  these  ribs  a  planked  skin  is 
firmly  spiked.  This  planking  is  of  heart  sugar-pine,  3  inches  thick 
and  8  inches  wide,  with  planed  edges  fitted  with  an  outgage  similar 
to  ship  planking.  The  plank  was  put  on  nearly  thoroughly  seasoned, 
and  swells  sufficiently  to  make  the  face  practically  water-tight,  with- 
out either  battens  over  the  joints  or  calking.  The  opening  at  the 
joints  made  by  the  outgage  suck  in  small  particles  of  vegetable 
matter,  which  take  the  place  of  calking  to  a  great  extent.  At  the 
bottom  the  planking  is  fitted  closely  to  firm  bed-rock  and  calked  with 
pine  wedges.  There  will  be  three  thicknesses  of  plank  (9  inches  in 
all)  placed  on  the  lower  25  feet,  two  thicknesses  (6  inches)  on  the 
next  35  feet,  and  one  thickness  on  the  upper  36  feet.  From  past 
experience,  it  is  believed  that  this  planking  will  remain  sufficiently 
sound  for  twenty  years  at  least,  and  then  it  can  readily  be  replaced. 

*  The  main  dam  was  not  quite  finished  in  1876,  it  being  deemed  advisable  to 
allow  a  large  stream  of  water,  50  to  75  cubic  feet  per  second,  to  flow  over  the 
present  summit  of  the  stone  at  85  feet  above  datum,  and  to  percolate  through  the 
stone  embankment,  in  which  some  sand  and  fine  stone  are  mixed.  This  will 
finally  settle  the  structure,  and  then  the  top  courses  for  the  crest  will  be  put  in 
place. 
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A  culvert  extends  through  the  dam,  as  shown  by  sketch  2, 
through  which  the  water  is  drawn  from  the  reservoir.  This  culvert 
is  built  with  heavy  dry  rubble  foundation  and  walls,  and  is  covered 
with  granite  slabs,  16  to  18  inches  thick  and  6^  feet  long.  Three 
wrought  iron  pipes  of  Xo.  12  iron,  each  18  inches  in  diameter,  pass 
through  the  water  face  of  the  dam,  as  shown  by  sketch  2.  Their 
upper  mouths  are  protected  by  a  strainer  formed  of  two-inch  plank, 
anchored  to  the  bed-rock.  A  separate  valve  or  gate  is  placed  at  the 
lower  end  of  each  pipe;  the  water  passing  through  the  gates,  aggre- 
gating a  flow  of  280  cubic  feet  per  second  when  the  three  are  open, 
discharges  into  a  covered  timber  sluice  7 J  feet  wide.  If  feet  high, 
passing  to  the  lower  edge  of  the  dam,  and  discharges  on  the  solid 
bed-rock  of  the  creek  bed.  The  gates  are  approached  by  a  man-way 
above  the  sluice.  The  crest  of  the  dam  will  be  formed  by  a  coping 
of  hewn  heart  cedar  timbers,  18  inches  wide  on  top,  and  anchored 
securely  by  iron  bolts  to  the  stone  wall  below. 

It  is  not  probable  that  any  water  will  ever  pass  over  the  crest  of 
the  main  dam;  but  should  a  break  occur  at  the  large  reservoir 
higher  up  the  stream,  when  the  waste-gates  at  the  waste-dam  are 
closed,  the  difference  in  level  between  the  crests  of  the  main  and  the 
waste  dams  might  be  insufficient  to  allow  the  resulting  flood  to  pass 
over  the  waste-dam.  Additional  care  was,  therefore,  taken  in  build- 
ing the  down-stream  face-wall  of  the  main  dam,  so  that  it  can  in 
any  such  possible  emergency  resist  without  injury  a  large  stream  of 
water  passing  over  the  crest.  Should  this  happen,  a  large  quantity 
of  water  would  enter  the  structure,  owing  to  the  inclined  beds  of  the 
face-stone  and  the  flat  slope  of  the  wall,  which  would  seek  its  dis- 
charge through  the  interstices  purposely  left  in  the  nearly  vertical 
portion  of  the  lower  wall.  To  prevent  the  consequent  hydrostatic 
pressure,  which  would  accumulate  at  the  base  of  the  dam  to  perhaps 
twenty  pounds  to  the  square  inch,  from  forcing  out  the  lower  face  of 
the  wall,  it  was  carefully  built  and  tied  with  iron  rods,  as  before 
described. 

There  are  55,000  cubic  yards  of  material  in  the  structure,  weigh- 
ing about  85,000  tons ;  the  hydrostatic  pressure,  with  the  water-line 
95  feet  above  datum  against  a  vertical  plane  of  that  height  across  the 
cailon  at  the  dam  site,  will  be  21,745  tons.  The  dam  is  built  v- 
shaped,  with  the  vertex  of  the  angle  of  165°  pointing  up  stream. 
This  mode  of  construction  adds  somewhat  to  the  stability  of  the 
structure. 
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The  cost  of  the  dam,  when  completed,*  will  be  $132,000.  The 
rather  peculiar  construction  of  this  dam  was  due  to  the  following 
causes :  The  stone  cliffs  in  the  vicinity  of  the  dam  are  composed  of 
an  exceedingly  hard  granite  with  great  numbers  of  short  cross  seams, 
making  it  most  costly  to  quarry  dimension  stone  of  considerable  size. 
The  stone  has  rarely  a  good  cleavage,  and  the  cost  of  dressing  it  down 
to  regular  beds  is  hence  great. 

No  limestone  is  to  be  found  near  by,  and  any  lime  used  must  needs 
have  been  transported  to  the  work  from  a  long  distance.  The  cost 
of  transport  would  have  been  so  great  as  to  render  the  nse  of  lime 
impracticable. 

On  the  side  of  the  mountain,  at  the  distance  of  about  one  mile 
from  the  dam,  there  was  a  large  pile  of  loose  stone,  the  result  of  cen- 
turies of  disintegration  of  the  cliffs  above.  This  stone  was  too  irreg- 
ular in  shape  to  be  used  in  wall-building,  but  of  good  quality  for  an 
embankment.  It  was  much  cheaper  to  build  a  tramway  to  this 
stone  already  quarried  by  nature,  load  it  on  cars,  and  haul  it  to  the 
work  than  to  quarry  a  smaller  quantity  from  the  cliffs  nearer  the 
dam. 

Hence,  the  supply  of  material  being  abundant,  the  flat  slopes  of 
45°  for  the  wall  were, adopted,  which  allowed  with  safety  very  much 
lighter  face-walls  to  be  used  than  would  have  been  the  case  had  they 
been  more  nearly  vertical.  , 

The  stone  for  the  walls  as  built  was  quarried  from  solid  rock,  and 
cost  in  place  per  cubic  yard  three  or  four  times  more  than  the  loose 
stone  brought  from  the  mountain  side.  When  in  the  future  the 
timber  logs  forming  the  cribs  in  the  original  72-feet  dam  decay, 
there  will  be  some  slight  subsidence  of  superincumbent  stone.  The 
depth  of  the  stone  is  so  considerable,  and  the  slopes  of  the  walls  so 
flat,  that  it  is  believed  this  subsidence  will  not  be  noticeable. 

DESCRIPTION   OF   THE   WASTE-DAM. 

Sketches  3  and  4  show  longitudinal  and  cross  sections  of  the 
dam.  It  is  a  crib  of  round  cedar  tinTbers,  varying  from  12  to  30 
inches  in  diameter,  notched  down  to  heart  wood  at  the  joints, 
and  firmly  bolted  with  three-quarter  and  one-inch  long  drift  bolts, 
with   the   foundation  logs  fastened  to    the   bed-rock  witH  1|  inch 

*  Up  to  December  31st,  1876,  $126,000  had  been  expended  on  its  construction, 
and  the  remaining  $6000  necessary  to  complete  the  work  will  be  expended  during 
the  year  1877. 
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iron  dowels.  The  crib  or  rather  the  successive  cribs  are  solidly  filled 
with  granite  stones  of  various  sizes,  from  several  tons  down  to  a  few 
pounds.  No  sand  or  fine  stone  was  used  in  this  filling.  A  plank 
facing  of  three-inch  heart  sugar  pine  is  spiked  on  the  water  face, 


Section  across  Ravine 

througli  waste  dam . 


making  a  water-tight  lining  similar  to  that  on  the  main  dam.  The 
crest  of  the  dam  is  92;^-  feet  above  datum  line,  being,  as  stated  before, 
4  feet  lower  than  the  summit  of  the  main  dam.     In  it  are  cut  28 
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Avaste-ways,  each '4  feet  in  width,  and  having  a  depth  of  7  feet  below 
the  crest.  These  wastes  are  closed,  when  all  danger  from  freshets  is 
passed,  with  boards  2  inches  thick,  8  inches  wide,  4J  feet  long, 
placed  horizontally,  and  sliding  to  their  places  one  above  the  other 
on  the  inclined  slope  of  the  water  face.  This  style  of  gate,  although 
the  simplest  form  known,  has  been  found  by  long  experience  to  be 
the  very  best. 

The  weight  of  the  dam  is  about  6500  tons,  and  the  hydrostatic 
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pressure,  with  the  water-line  at  95  feet  above  datum  against  a  ver- 
tical plane  of  that  height  across  its  upper  face,  will  be  2571  tons. 

It  is  believed  that  the  structure  is  sufficiently  stable  to  allow  with 
safety  a  flood  of  16,000  cubic  feet  of  water  per  second  to  pass  through 
the  wastes  and  over  its  crest. 

The  water  passing  over  the  dam  will  fall  on  bare  granite  bed- 
rock, and  thence  down  a  steep  gorge.  From  past  experience  in  the 
use  of  cedar  timber,  it  is  safe  to  assume  that  the  life  of  this  structure 
will  be  from  twenty-five  to  thirty  years,  and  possibly  longer.  Its 
cost  has  been  $15,000. 

HYDRAULIC    WASHING. 

The  tunnel  or  opening  for  the  sluices  having  been  completed,  the 
sluices  placed  in  position,  lined,  and  riffles  set,  water  is  turned  on  in 
the  pipes,  and  work  commences.  The  first  work  is  started  near  the 
head  of  the  sluice,  and  the  mine  opened  from  that  point.  As  the 
banks  are  washed  away,  the  bed-rock  cuts  are  driven  towards  the 
face  of  the  work,  and  the  sluices  are  advanced  as  required. 

To  cave  the  bank,  one  pipe  is  kept  playing  on  the  lower  part  of  it, 
at  an  obtuse  angle,  cutting  out  the  gravel,  and  a  second  stream  of 
water  is  directed  from  another  pipe  on  the  opposite  side,  forming  a 
cross-fire,  which  materially  aids  the  undermining.  Any  surplus  of 
water  not  used  in  the  pipes  is  allowed  to  run  over  the  banks.  In 
well-regulated  works  all  the  water  should  be  used  through  pipes, 
and  none  allowed  to  waste  into  the  claim.  When  the  dirt  caves 
readily,  one  pipe  should  be  employed  to  do  the  cutting,  and  the 
second  pipe  should  be  manipulated  clearing  away  the  debris. 

In  working  a  claim,  the  face  of  the  bank  should  be  kept  square. 
Advantage  should  be  taken  of  the  corners  when  left,  and  under  all 
circumstances  working  into  what  is  called  a  horseshoe  form  should 
be  avoided.  If  the  banks  are  kept  square,  the  work  can  be  accom- 
plished in  less  time,  at  less  expense,  and  with  fewer  accidents.  On 
the  other  hand,  where  a  cut  is  pushed  rapidly  ahead,  and  the  work  is 
not  squared,  the  men  at  the  pipes  soon  stand  encircled  by  high  banks, 
washing  can  no  longer  be  prosecuted  to  advantage,  and  the  lives  of 
the  miners  are  imperilled.  The  majority  of  accidents  arising  from 
caves  have  been  caused  by  this  style  of  work. 

HIGH    BANKS. 

Where  the  banks  are  very  high,  to  mine  to  advantage  it  is  ad- 
visable to  wash   the   deposit  in   two  benches.      Banks  over  150 
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feet  in  height  are  dangerous  to  work  as  a  single  bench.  At  North 
Bloonifield  and  at  Smartsville,  they  are  working  single  benches  250 
feet  high.  When  a  cave  is  coming,  to  avoid  the  sliding  of  the  great 
detrital  accumulations,  the  water  should  be  turned  away  from  the 
falling  masses,  and  the  dirt  will  not  run  any  distance ;  but  if  it  is 
allowed  to  remain  on  the  bank,  a  great  rush  of  water  and  debris 
ensues,  and  the  men  at  the  pipe  have  frequently  to  run  for  their 
lives.  Such  occurrences,  arising  either  from  carelessness  or  accident, 
cause  a  loss  of  time,  and  frequently  entail  damage  to  the  pipe  and 
machines. 

Caves,  when  practicable,  are  generally  made  towards  evening,  and 
the  niffht-shift  runs  them  off.  Locomotive  reflectors  or  fires  of 
pitchwood  are  used  to  illuminate  the  banks  during  the  night.  The 
electric  light  may  ultimately  be  found  the  most  desirable. 

CONTINUOUS    WORK — GROUND    SLUICES. 

In  well-conducted  claims  the  washing  should  be  continuous,  and 
no  water  allowed  to  run  to  waste.  It  is,  therefore,  requisite  to  have 
several  faces  or  openings,  so  that  the  water  can  be  used  from  time  to 
time  On  them,  whilst  the  cuts  are  being  advanced  and  the  sluices 
lengthened.  These  cuts,  or  "ground  sluices,"  as  they  are  called,  are 
mere  trenches  made  in  the  bed-rock  towards  the  face  of  the  bank, 
washed  for  the  purpose  of  collecting  the  water  and  material,  and  con- 
veying them  to  the  sluices.  As  a  protection  against  theft,  the  sluices 
of  claims  worked  intermittingly  are  run  full  of  gravel  before  turning 
oif  the  water. 

The  length  of  runs  in  gravel  claims  is  dependent  on  circumstances. 
Some  claims  clean  up  every  twenty  days  or  month,  others  run  two 
or  three  months,  whilst  some  only  clean  up  every  season,  after  the 
water  supply  has  ceased.  In  point  of  economy,  the  fewer  clean-ups 
the  better. 

BLASTING. 

Where  the  ground  is  very  hard,  recourse  is  had  to  blasting.  For 
this  purpose  a  small  powder-drift  is  run  in  on  the  bottom  from  the 
face  of  the  bank  a  given  distance,  proportionate  to  the  ground  to  be 
blasted.  From  the  end  of  the  straight  drift  a  cross  drift  forming  a 
T"  is  driven.  For  example,  in  hard  cement  like  at  Smartsville,  with 
an  80-feet  bank,  in  a  case  where  the  ground  is  ordinarily  bound,  a 
drift  is  run  in  at  the  bottom  of  the  bank,  say  85  feet  long.  At  the 
end  of  it  cross-drifts  are  run  out  45  feet  in  length  ;  40  feet  from  the 
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face  of  the  bank  two  similar  cross-drifts  are  also  driven.  From  the 
ends  and  centre  of  each  cross-drift  two  small  "  lifters,"  as  they  are 
called,  are  driven  at  right  angles,  extending  respectively  half  way 
between  the  cross-drifts  and  the  face  of  the  bank.  These  places  are 
then  filled  with  powder,  hard  cement  gronnd  requiring  from  450  to 
500  kegs. 

The  heads  of  several  of  the  kegs  being  removed,  the  main  drift 
is  tamped,  and  the  powder  is  exploded  by  means  of  an  electric  bat- 
tery or  fnse. 

In  large  blasts  several  cross-drifts  may  be  required,  and  in  such 
cases  it  is  customary  to  fire  the  powder  simultaneously  iu  several 
different  places  by  electricity.  The  quantity  of  powder  used  is  de- 
termined by  the  position,  character,  and  height  of  the  bank,  a 
sufficient  quantity  only  being  taken  to  shatter  it. 

In  some  places,  with  lighter  material,  two  or  three  hundred  kegs 
of  powder  will  easily  do  the  work  that  five  or  six  hundred  barely 
accomplishes  in  heavy  cement.  At  Blue  Point,  a  blast  of  2000  kegs 
was  exploded ;  at  the  Enterprise  Mine,  250-feet  banks,  a  blast  of 
1700  kegs  was  fired.  The  powder  is  of  the  ordinary  blasting  quality. 
For  destroying  large  pieces  of  lava,  pipe-clay,  boulders,  trunks  and 
stumps  of  trees,  giant  powder  cartridges  are  found  very  efficient. 

It  is  customary  in  certain  districts  to  wash  off  the  top  or  lighter 
gravel,  and  subsequently  blast  the  bottom  cement.  For  this  pur- 
pose shafts,  fifteen  to  twenty  feet  deep,  as  may  be  demanded,  are 
sunk,  and  a  smaller  chamber  is  excavated  in  the  bottom  of  them. 
The  chamber  is  charged  with  five  or  six  kegs  of  powder,  tamped, 
and  then  exploded  by  electricity.  Undoubtedly  there  is  a  great 
waste  of  powder  in  bank  blasting,  and  the  subject  is  worthy  of  in- 
vestigation with  a  view  to  future  improvement  in  this  particular. 

In  blasting,  it  is  desirable  to  thoroughly  shatter  the  material,  i.  e., 
to  separate  rock  and  cement,  so  as  to  facilitate  its  Avashing,  thus  in- 
suring the  earliest  separation  of  the  gold,  by  enabling  the  bulk  of 
the  precious  metal  to  come  in  immediate  contact  with  the  quicksilver 
in  the  head  of  the  sluices,  and  affording  every  opportunity  for  the 
most  complete  scouring  and  securing  of  the  eroded  gold  particles. 

The  followina^  method  of  bank  blastino  has  been  found  to  ii-ive 
excellent  results  with  banks  from  50  feet  to  125  feet  high,  such  as  are 
generally  encountered  in  hydraulic  mining,  and  likewise  in  cement 
gravel  of  ordinary  tenacity.  In  the  absence  of  more  definite  knowl- 
edge on  the  subject,  its  adoption  can  be  ^recommended. 

The  main  drift  should  be  run  in  a  distance  two-thirds  the  hciy;ht 
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of  the  bank  to  be  blasted.  Tlie  cross-drifts  from  the  end  of  the 
main  drift  should  be  driven  parallel  with  the  face  of  the  bank,  and 
their  lengths  determined  by  the  extent  of  the  ground  which  is  to  be 
blasted,  A  single  X  is  ^^1  that  is  necessary.  The  amount  of 
powder*  required  for  charging  the  drift  is  from  one-half  to  two- 
thirds  of  a  keg  of  powder,  minimum  quantity,  per  1000  cubic  feet 
of  ground  covered  by  the  drifts — i.  e.,  height  of  bank  X  length  of 
cross-drifts  X  length  of  main  drift  =  cubic  contents.  The  quantity 
of  powder  used  nmst  depend  on  and  vary  with  the  position f  of  the 
bank  and  the  character  of  the  gravel. 

Late  experiments  made  with  the  Judson  powder,  applied  as  above 
directed,  have  given  good  results,  and,  though  not  definitely  deter- 
mined, the  indications  at  present  are  that  the  use  of  this  new  explo- 
sive will  be  a  great  saving  in  the  cost  of  bank  blasting. 

The  shattering  eifects  of  powder,  used  in  the  manner  and  propor- 
tion already  described,  have  been  roughly  estimated  from  the  appear- 
ance of  the  ground  subsequently  washed  at  from  225  to  230  cubic 
feet  of  ground  shattered  per  pound  of  powder  exploded. | 

Apropos  of  tamping,  one  of  the  attendant  costs  of  bank  blasting, 
it  may  be  well  to  remark  that,  as  yet,  with  the  present  explosives 
employed,  all  experience  in  bank  blasting  proves  that,  with  a  strong 
tamping,  the  best  results  are  obtained.  AVith  150,  250,  and  350-feet 
banks  a  different  method  of  blasting  is  adopted.  The  main  drift  in 
such  cases  is  driven  in  from  the  face  of  the  bank  45  to  50  feet  in 
length.  The  cross-drifts  are  run  parallel  with  the  face  of  the  bank, 
and  their  length  determined  by  the  ground  to  be  moved. 

In  charging  these  drifts  the  amount  of  powder  used  should  be 
sufficient  to  blow  out  the  bottom  ground  (the  line  of  least  resistance), 
the  bank  then  falling  by  its  own  weight.  The  firing!  of  all  blasts 
is  best  done  by  electricity,  and  where  dynamite  exploders  with  pla- 
tinum wires  are  used  the  "compound  circuit"  is  most  desirable. 

The  powder  in  boxes  or  kegs  is  piled  up  in  rows  in  the  drift; 
two  wires,  A  A  and  D  D,  extend  along  the  middle  row,  the  tops  of 

*  Ordinary  black  blasting  powder,  25  lbs.  per  keg. 

f  The  quantity  of  powder  is  increased  when  the  banks  are  strongly  bound,  or 
when  the  gravel  is  exceedingly  tough. 

X  Experiments  made  with  blasts  of  250  to  400  kegs  powder. 

g  A  paper,  titled  On  the  Simultaneous  Ignition  of  Thousands  of  Minos,  by 
Julius  H.  Striedinger,  read  before  the  American  Society  of  Civil  Engineers,  and 
published  in  its  Transactions  for  June,  1877;  also  in  London  Engineering, 
August  17th  and  September  21st,  1877,  contains  much  valuable  information  on 
the  subject  of  simultaneous  ignition  of  mines. 
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the  boxes  on  which  the  wires  rest  being  removed.  The  exploders, 
b  b  b,  are  inserted  in  giant  powder  cartridges,  and  placed  on  top  of 
the  paper  covering  the  powder.    (The  Judson  powder  comes  covered 


Sl-etc7i  qfDrift.sTimving  the  arranoement 
oflTiresfor  erploding  a  blast. 


with  strong  paper  to  exclude  moisture.)  The  wires,  A  A  and  D  D, 
are  then  connected  with  the  wires,  Y  Y'  and  Z Z'  (as  shown  in  sketch), 
which  extend  to  the  battery. 

DERRICKS. 

In  working  hydraulic  claims,  boulders  are  frequently  encountered 
which  cannot  be  moved  by  hand.  To  facilitate  their  removal  a 
strong  derrick  is  used.  The  bed-rock  derrick  now  in  use  has  a  mast 
100  feet  high,  and  a  boom  92  feet  lono-.  The  whole  is  set  in  a  cast 
iron  box  placed  on  sills.  It  is  held  in  position  by  six  guys  of  gal- 
vanized iron  wire  rope,  1\  inches  in  diameter.  A  whip-block,  with 
f  inch  diameter  steel  rope,  is  used  for  the  hoisting  tackle.  A  12-feet 
diameter  hurdy-gurdy  wheel  is  attached,  and,  using  30  inches  of 
water,  it  lifts  stones  weighing  11  tons.  The  guys  are  held  by  double 
capstans. 

The  derrick  is  not  taken  down  when  moved.  It  can  be  readily 
moved  one  hundred  feet  in  ten  hours. 


EXPERIMENT   WITH    THE    HURDY-GURDY    WHEEL,*    AT   NORTH 

BLOOMFIELD. 

As  the  hurdy-gurdy  wheel  is  the  outgrowth  of  hydraulic  mining, 
the  following  table  showing  its  efficiency  may  be  interesting. 

*  These  experiments  were  made  at  the  N.  B.  G.  M.  Co.'s  Works,  by  H.  Smith, 
Jr.,  C.  E.,  and  as  they  are  the  only  experiments  of  the  kind  made  with  the 
hurdy-gurdy  wheel,  they  are  here  given. 
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The  wheel  was  18  feet  in  diameter  on  outside,  and  17  feet  4  inches 
in  diameter  to  inner  line  of  buckets  (17  feet  8  inches  in  diameter  at 
centre  line  of  buckets).  The  bnckets  were  4  inches  deep,  with 
flanofes  on  each  side. 


The  work  done  was  measured  by  a  Prony  dynamometer,  carefully 
made. 

The  head  given  shows  the  real  head  in  feet  at  the  point  of  dis- 
charge ;  that  is,  the  head  due  to  a  discharge  from  a  pipe  of  infinite 
size. 
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An  experiment  at  the  Empire  Mill,  French  Corral,  was  made 
under  the  following  circumstances,  giving  the  annexed  results : 

Ten  stamps,  weight  of  each  693^  lbs.  Drop,  .768  feet.  Speed  of 
stamps,  62.2  drops  per  minute.    Work  done  by  91.68  cubic  feet  of 


HURDY  CURDY  WHEEL 


water  per  minute.     Head,  130.1  feet.     Size  of  wheel,  13|  feet  outer 
diameter.     Diameter  of  wheel,  12.58  feet  to  centres  of  buckets.    Size 


02 


HYDRAULIC   MINING   IN    CALIFORNIA. 


of  buckets,  4  inches  wide  and  6  inches  deep,  set  10  inches  apart. 
Water  conducted  to  wheel  through  an  11-inch  pipe  866  feet  long. 
The  wlieel  was  direct  on  the  cam-shaft;  single  cams  used.  The  mill 
crushed  sixty  tons  of  gravel  in  twenty-four  hours;  ^  inch  screens 
used. 
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The  head  at  French  Corral  was  the  height  of  the  water  in  pen 
stock  above  the  nozzle,  no  allowance  being  made,  as  was  the  case  in 


I         French  Coral  pipe 
Gas  pipe  30  long 
connecting  witli 

)  an  11 'pipe. 


the  Bloomfield  experiments,  for  loss  of  head  by  friction  in  pipes  and 
some  leakage. 
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STATISTICS    OF    YIELD    OF    GRAVEL-FIELD. 

Statistics  showing  the  qiiautity  of  material  washed,  and  tlie  cor- 
responding yield  in  gold,  are  rare,  difficult  to  obtain,  and  for  the 
most  part  unreliable.  This  is  due  principally  to  the  fact  that,  in 
the  early  days  of  placer  mining  in  California,  the  question  to  be 
solved  by  the  miner  was  not  what  the  gravel  would  yield  per  cubic 
yard,  atid  what  it  would  cost  to  move  it,  but  rather  liow  many 
ounces  of  gold  dust  he  could  "pan  out"  or  "rock  out"  between 
sunrise  and  sunset.  All  that  he  required  was  that  the  daily  yield 
in  dust  should  exceed  the  cost  of  living,  etc.  When  it  fell  below 
this,  he  moved  his  camp  to  other  grounds. 

The  wonderful  productiveness  of  the  river  bars  and  shallow  placers, 
attested  by  the  early  gold  bullion  and  dust  shipments  from  this 
State,  created  an  extravagance  usual  to  all  new  and  rich  mining 
countries,  the  baneful  effects  of  which  are  still  visible.  Gold  in  such 
profusion  is  no  longer  found  so  conveniently  scattered.  The  intro- 
duction of  hydraulic  mining  requiring  the  assistance  of  capital  has 
inaugurated  a  new  era  in  gravel-washing.  Hence  all  data  of  the 
yield  and  costs  of  working  gold-bearing  surface  deposits  become 
valuable,  and  accordingly  the  following  tables  have  been  added : 
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Table  III.    Yield  of  the  Russian  Gold-fields  for  the  year  1874.* 


Name  of  Works. 


Government  Works: 

Beresowsk 

Bogolslowsk 

Miassk 

Nertschinsk 

Peivate  WORKS,  Est'n  Siberia 

District  Jenisei : 

Northern  Division 

Southern  Division 

Atsehinsk 

MiniisiTisk 

Kausk  and  Nlschneudinsk 

Oleksniinsk 

Werchneudlnsk 

Bargusinsk 

Nertschinsk 

Wercholensk 

District  of  Amur 

Western  Siberia  : 

Mariinsk 

Altai 

Semipalatinski  District 

Akuiolenski  District 

Ukal  : 

Government  Orenburg 

Government  Perm 

Other  works  in  Ural 


104 

110 

19 

30 

20 

34 

13 

22 

213 

1 

4 


243 
124 
81 


293,198 
111,548 
384,312 
564,944 


1,190,022 

1,198,116 

168,868 

318,046 

115,071 

687,332 

59,0t0 

155,083 

852,205 

6,191 

328,707 


529,907 

731,774 

210,568 

137 


791,109 
480,194 
743,525 


a  o 
o  ^ 


1,004.88 

646.48 

2,260.98 

6,592.23 


7,158.26 
7,521.39 

727.70 
1,423.91 

727.84 
26,768.18 

264.59 

1,702.65 

7,493.10 

17.19 

6,508.40 


2,073.25 

3,507.31 

407.97 

14 


4,575.57 
2,543.17 
3,349.78 


19.7 
33.5 
33.8 
67.2 


34.8 
36.1 
24.8 
25.8 
36.4 

224.3 
25.8 
63.2 
50.6 
16.01 

114.1 


22.5 
27.6 
11.2 
5.9 


33.3 
30.5 
25.9 


RELATIVE   YIELD    OF    HYDRAULIC   CLAIMS. 

In  many  districts  the  yield  of  the  gravel  is  not  figured  per  cubic 
yard,  but  per  inch  of  water  used,  this  being  a  more  convenient  and 
shorter  mode  of  calculation.  A  record  of  the  quantity  of  water 
used  is  always  kept. 

The  yield  per  miner's  inch  is  figured  under  peculiar  local  con- 


*  These  tables  have  been  calculated  from  the  official  statements  published  in 
the  Berg-  urd  Hiittenmannisehe  Zeitung  of  April  20th,  1877.  The  gold  pounds 
have  been  figured  from  the  Eussinn  doll,  which,  according  to  the  mint  standard, 
is  750  fine.  The  number  of  yards  washed  has  been  estimated  from  the  Kussian 
pud.  100  puds  have  been  assumed  to  equal  1.058  cubic  yard.  See  Berg-  und 
Hiittenmannisehe  Zeitung,  January  19th,  1877.  On  this  basis  the  cubic  yard 
gravel  weighs  3397  pounds  avoirdupois.  The  cement  gravel  of  Nevada  Count}', 
Cal.,  will  approximate  3600  pounds  avoirdupois  per  cubic  yard. 
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ditions  and  circumstances,  which,  apart  from  its  own  variations,  are 
multifarious  in  every  district ;  therefore,  any  comparative  estimates 
of  the  value  of  gravel  deposits,  based  on  such  calculated  returns  or 
comparisons  of  work  done  per  inch  of  water  used  in  the  several 
mining  camps,  are  exceedingly  difficult  to  make,  and  in  most  cases 
unsatisfactory  when  obtained.  The  quantity  of  dirt  moved  by  any 
given  head  of  water  properly  applied  is  dependent  on  the  height 
of  the  banks,  character  of  the  gravel,  and  on  the  grade  and  arrange- 
ment of  the  sluices.  The  value  of  the  ground  per  cubic  yard  varies 
in  the  different  parts  of  the  country,  changes  even  occurring  in  a 
claim,  the  discovery  of  which  is  only  made  after  an  extensive  run 
and  clean  up. 

To  better  familiarize  the  reader  with  the  subject  of  gravel  mining, 
and  enable  him  to  form  an  idea  of  the  amount  of  water  used  per 
cubic  yard  of  dirt  moved,  the  corresponding  yield,  and  attendant 
costs,  an  exhibit  of  a  claim  running  on  an  approximate  minimum 
basis,  viz.,  light  pressures  and  smallest  practicable  grades,  has  been 
selected.  For  this  purpose  the  claims  of  the  La  Grange  Hydraulic 
Mining  Company  have  been  chosen,  as  the  yield  per  cubic  yard  and 
the  grades  there  used  can  be  considered  as  nearly  the  lightest  with 
which  a  hydraulic  claim  can  yield  any  remunerative  returns. 

The  annexed  tabular  statements  show,  in  the  most  convenient 
form,  the  data  alluded  to.*  The  tables  have  been  carefully  ar- 
ranged, and  the  results  were  obtained  at  cost  of  great  labor,  several 
examinations  and  surveys  of  the  ground.  The  data  of  the  yield 
and  disbursements  are  accurate.  The  apportionment  of  the  material 
account  has  in  some  places  been  calculated  jyro  rata  per  cubic  yard 
from  general  material  account.  The  measurements  of  the  ground 
washed  were  made  at  each  clean-up,  and  subsequently  the  entire 
ground  was  resurveyed,  and  the  work  checked.  (See  Tables  IV,  V, 
VI,  VII,  and  VIII.) 

A  resume  of  the  entire  work  done  by  this  company  from  June 
1st,  1874,  to  September  30th,  1876,  showing  gross  receipts  and  total 
disbursements,  including  the  rebuilding  of  the  dam  at  the  head  of 
the  ditch,  the  construction  of  roads,  ditches,  etc.,  but  excluding  the 
purchase  of  some  mining  ground,  gives  the  following  result: 

1,533,728  inches  (2159  cubic  feet  each)  washed 
2,275,967  cubic  yards  of  gravel,  which  yielded 
$231,893  ==  12,026  84  troy  ounces. 

*  In  obtaining  the  data  for  these  tallies,  1  am  greatly  indebted  to  the  valuable 
assistance  of  Mr.  Joseph  Messerer,  superintendent  of  the  La  Grange  Ditch  and 
Hydraulic  Mining  Company. 
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Tabular  ;   Cost  a^id  Receipts  of  Hydraulic  Washing  from 
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JVE  Cost  Per  Cubic  Yard. 

1 
1 

Bullion  Yield. 

3 

I 

P     i 

0; 

9 

p 

c:    . 
ttSO 
C  P 

iS'p 

a. 

■3  V. 

UTS 

03       £1. 

Fineness 

. 
0 

a 
> 

u 

t» 
!B 

C 

a 
= 

■  > 

Total     Amount 
of  Bullion  Pro- 
duced. 

•6 

0 

0 

<u 
> 

1874 

Mav 

July... 
Aug.... 
Sept.... 

Oct 

Nov.... 

Dec 

fan 

Feb 

March 
April... 
May.... 
June... 
July... 
Aug. ... 
Sept.... 

Oct 

Nov.... 

Dee 

Jan 

Feb 

March 
April... 
May.... 
June... 
July ... 
Aug.... 
Sept.... 
Oct 

6 

"i 

26 

21 

28 

14 

8 
13 

2 
31 

24 

"7 

12 

•t 

.  .0042 

$0,017 

T     

$0,109 

121.00 

48.00 

.921 

$13,304.29 

$39.29 

$13,343.58 

.009 
.010 

.054 
.059 

58.00 
70.00 

23.00 
25.75 

.936 
.934 

.055 
.051 

6,411.13 
7,220.39 

15.49 
19.99 

6,426.62 
7  240  38 

1875 

■  ".008 

117.25 

43.31 

93g    (\!ii. 

12,050.93 

29.07 

12,080.00 

' 

:::"i 

103.50 

37.25 

.921 

.056 

10,366.59 

30.49 

10,397.08 

.30.00 

10.50 

.928 

.055 

2,891.58 

8.10 

2,899.68 

$0.0057 

$0.0004 

73.75 
17.31 

2*6.68 

Q."^! 

.047 
.052 

7,545.31 
1,818.34 

15.80 
5.05 

7  561  11 

.059 

6  44  ^"11 

1,823.39 

46.00 
63.12 

15.44 
22.68 

.'9]  9!. 057 
.940  .050 

4,462.84 
6,121.73 

20.49 
15.00 

4,483.33 
6,136.73 

1876 

105.25 

36.44 

.936  .052 

10,151.95 

27.60 

10,178.95 

1 

31.75 

12.09 

.936  {.054 

3,325.67 

8.91 

3,334.58 

1 

i 

::::;:;::: 

.01 

.046 

42.00 

15.25  -926   aVa 

4,269.76 

1100 

4,280.76 

■^ 

322.83 

.5.0042, 

S0.0057 

SO  104 

S0.0004 

$0,063 

878.93 

f{89  940.51 

$245.68  $90,186.19 

Note. — .A  receds  moved,  yielded  13.8  cents  per  cubic  yard. 


TABLE     IV. 


THE    FRENCH    HILL    CLAIM. 
Tabular  Statement  Showing  An^ount  of  Water  Used  and   Cubic  Yards  of  Gravel  Iloved;   Cost  and  Receipts  of  Hydraulic  Washin,  from 

May  30,  1874,  to  October  12,  1876.     •  ' 


.rune... 

|july .. 
15  Aug... 

jSept... 

3|0ct 

27INov... 

'Dec.... 

'fan.... 
23  Feb.... 

March 

.\pril.. 
29  May.... 

June... 
lOjJuly ... 

Aug.... 
9Sept.... 
140ct 

Nov.... 
spec 

Jan 

ITeb 

I  March 
25  April... 

May.... 
8  June... 

July... 

.Aug.... 

Sept.... 

Oct 


6    43  21 


38  21 
44  23 


52,675 

'46,675 
53,975 

'72',565 

"72,275 

27,006 

49,800 
14,150 

;  2;  '26,500 

17    54,850 

i's"  87,756 
i'3  "ii'e'so 


12  34 
I521 


41,850 


71  624,745 


■2& 


32,822 


52,316 

57,600 


lAv'G  Yield. 


•  490,230 


$0.25 


Average  Cost. 


$0.40 

"".a 
.12 


44,000  1.05 
676,9(;8|  1.08 


1  ..... 


■  $.0104 


-$0.0526 


1-131   $0.0104 


Total  Cost. 


$16.68 


31.36 
7.32 


35.71 

"i'o'.'s's 


24.69 
10.20 


19.47 
32.89 


50.00 

'is.'fo 


1,880.06 
2,293  43 


3,427.67 

"4,'486!r4 

1,785.26 

'  2,'2097'i 
1,309.53 

"i,'292'.54 
2,063.99 

2,'8"63!74 

"i'm.di 


■  $2900.00 


16.59      1,164.58 


522.76 
604.52 


557.76 
158.48 


296.80 
614.32 


982.80 
'276.'4i 


j-  $3757.29 


Relative  Cost  Per  Cubic  Yard. 


(■   $112.39 


468.72  J 


$0,082 


a 


2,434.18 
2,905.27 


4,284.41 

sj'si'.w 

5,331.33 

'2]097!99 
2,900.00 
2,792.16 
1,478.21 

1,608.81 
2,711.20 


3,896.54 


1,649.89       .026 


1- 


i- $0.0042 


NOTE.-A  recent  survey  by  Mr.  J.  L.  Jemegan,  M.  E.,  of  the  ground  washed  on  this  claim 


$0.052BI$312  96'$28,576  06.'     $2,900.00!$6.997.13!     $3,8B9.68|$42,6'55.83  $0,042 


$0,017 


.009 
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,.::;;  J : 
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Bullion  Yield. 


a  " 
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.01 

$0.00421    $0.0057]  $0 1041    $0.0004 


.046 
$0,063 


58.00 
70.00 


103.50 
'36.06 


73.75 
17.31 


46.00 
63.12 


105.25 

"si.'fi 


£0  « 


Fineness        S 


23.00 
25.75 


37.25 
'i'6.'56 


26.68 
6.44 


.055 


O 


$13,304.29 


6,411.13 


ci 


5£  = 


.0511     7,220.39 


15.44  .9191 .057 
22.68  .940  .050 


36.44  .936  .052 
T2.o'9  .'93'6r.'65'4| 


12,050.93 

i6,'366.'5'9 

''2',89i!68 

"7,"54'5!3i 
1,818.34 

"4,462!84 
6,121.73 

'io,'i5l"95 
"3,325!6'7 


$39.29  $13,343.58 


15.491 
19.99 


6,426.62 
7,240.38 


29.07    12,080.00 


15.25  .9261  .0591     4,269.76 


30.49 

""s.'i'oi 


15.80' 
5.05; 


20.49 
15.00, 


27.00 

'"s'.'g'i: 


10,397.08 
"2,899.68 


7,561.11 
1,823.39 


4,483.33 
6,136.73 


10,178.95 
'"3,334.58 


1100      4,280.76 


1«89  940.51 1$245.68  $90,186.19 


since  the  date  of  above  work,  showed  that  252.614  cubic.yards  moved,  yielded  13.8  cents  per  cubic  yard. 


Tabular  Statement  SU  Receipts  of  Hydraulic  Washing  from 
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.055 
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8.26 
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10 
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3     $0.0003 

$0.0381 454.34' 162.891 

$42,566.65!  $107.06 

$45,444.65 

TABLE  V. 


THE    LIGHT    CLAIM,    PATRICKSVILLE. 

Tabular  Statement  Showing  Amount  of  Water   Used  a7id   Cubic  Yards  of  Gravel  lloved ;   Cost  and  Receipts  of  Hydraulic  Washing  from 

February  12,  1875,  to  September  26,  1876. 
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Tabular  H ;   Cost  and  Eeceipts  of  Hydraidic  Washing  from 
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TABLE  VI. 


THE    CHESNAU    CLAIM. 

Tabular  Statement  Showing  Amount  of  Wafer  Used  and   Cubic  Yards  of  Gravel  lloved ;   Cost  and  Receipts  of  HydravUc  Washing  from 

June  1,  1874,  to  October  3,  1876. 
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Tabular  Statement  I  Receipts  of  Hydraidlc    Washinc/  from 
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Tabular  Statement  \d  Receipts  of  Hydraulic    Washing  from 
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TABLE    VII. 


THE    JOHNSON    CLAIM. 

Tabular  Statement  Showing  Amount  of  Water  Used  and  Cubio  Yards  of  Gravel  3Ioved ;   Cost  and  Receipts  of  HydrauUe   Washing  fr 

March  1,  1875,  to  December  16,  1875. 
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TABLE    VIII. 


THE    SICARD    CLAIM. 

Tabular  Statcnierit  Shoiving  Amount  of  Water   Used  and   Cubic    Yards  of  Gravel  3Ioved ;   Cost  and  Receipts  of  Jfi/dmuJir    Washing  from 

3Iay  28,  1874,  to  January  21,  1875. 
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Relative  Cost  Pkr  Cubic  Yard. 
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HYDRAULIC    MINING    IN    CALIFORNIA. 
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DISBURSEMENTS. 

Water,      ....  $17,307  62     Contingent, 

Labur,       ....  82,345  70     Taxes, 

Material,*  .         .         .  21,788  35 

Officials,    ....  11,244  94 

Average  value  of  the  oz.  metal,  gold  and  silver. 
Total  cost  per  oz.  metal  produced,      .... 
Distributed  as  follows : 

Water,  per  ounce,     .         .         .  $1   48     Contingent, 

Labor, 6  85     Taxes, 

Material, 1  81 

Official 94 

Total  cost  of  hydraulic  washing  per  cubic  yard  is. 
Distributed  as  follows: 


Water,  , 
Labor,  . 
Material, 


$0  008 
036 
010 


Average  yield  per  cubic  yard,  ...... 

Average  amount  of  gravel  washed  per  inch  water^  cubic  yards, 


$3,125  80 

1,130  41 

$136,942  82 

$19  29 

11  38 

.     $0  26 
09 


Official  and  contingent,  . 


$11  38 
.  $0  06 

$0  006 

$0  060 

$0  1019 
1.48 


The  following  tabular  statement  shows  the  workings  of  a  mine  on 
four  per  cent,  grades,  high  banks,  and  with  great  hydrostatic  pres- 
sure. The  advantages  of  heavy  grades  and  pressure,  over  the  mini- 
mum La  Grange  grades,  are  clearly  shown  by  the  quantity  of  material 
moved,  and  a  comparison  of  the  work  and  costs  will  be  of  interest 
to  those  engaged  in' hydraulic  mining.     (See  Tables  IX  and  X.) 


Table  IX.    No.  8  Claim,  North  Bloomjield  Gh'avel  Mining  Company.-]- 
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$74,271.77 

S53,088.83 

4.80 

19.1 

4.0 

.77 

2.07 

1875-6 

342 

Nov.  13 

Oct.  18 

700,000 

260  ft. 

2,919,700 

192,735.;3 

94,823.75 

4.17 

27.5 

6.6 

.74 

2.45 

*  Material  account  excludes  $8807.81  on  hand. 

f  For  details  see  Reports  of  the  North  Blotmiticld  Gravel  Mining  Company  for  years  1874-6. 

X  Less  cost  of  melting  and  refining. 

^  Exclusive  of  costs  of  melting  and  refining. 
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Table  X.  .  Statement  of  Disbursements  and  Relative  Costs  per 
Cubic  Yard. 


Labor  account. 

Blocks  and  lumber 

Explosives 

Material  account 

General  expense  account. 
Water 


1874-5 


$22,790.39 
3,007.26 
2,944.94 
5,6(53.80 
4,201.89 
14,480.40 

$53,088.82 


140,975.85 
5,212.62 
10,279,73 
9,249.96 
7,364.12 
21,740.97 

$94,823.25 


$0  r)122 

0  0032 
0  0030 
0  0022 
0  0077 

$0  0203 


1875-6 


$0  0140 

0  0053 
0  0031 
(1  0025 
0  0074 

$0  0323 


1875-6 — Gold  bullion,  ounces, 

Value  per  ounce,  gold  and  silver, 
Total  cost  per  ounce, 
Distributed  as  follows: 


Labor, 

Blocks  and  lumber. 

Explosives, 
Material,  . 


93 
50 
98 


General  expense. 
Water, 


10,40L28 

$18  53 
9  08 

$0  70 
2  09 

$9  08 


CONCLUSION. 

The  question  of  the  yield  and  costs  of  working  hydraulic  claims 
is  one  of  great  interest  to  the  engineer.  In  estimating  the  produc- 
tion of  gravel  mines,  the  calculation  of  a  given  number  of  cents  per 
cubic  yard  refers  to  the  entire  quantity  of  gravel  moved  or  to  be 
moved,  since  it  is  impracticable  to  wash  out  the  gold-bearing  strata 
without  moving  the  entire  superijicumbent  mass.  The  yield  is, 
therefore,  apportioned  to  the  total  quantity  of  ground  washed. 
•  Having  prospected  a  claim,  and  ascertained  the  approximate  value 
of  the  gravel  per  cubic  yard,  grade  and  quantity  of  available  water 
being  known,  its  yield  can  be  estimated  for  a  reasonable  period. 

In  discussing  the  question  of  working  unexplored  localities,  and 
even  those  already  developed,  it  is  to  be  observed  that  there  are  no 
known  means  which  enable  one  to  predetermine  accurate  economical 
results. 

Therefore,  in  estimating  the  yield  of  gravel  properties,  even  under 
the  best  of  circumstances,  the  most  careful  opinion  drawn  from  im- 
mediate facts  is,  owing  to  the  natureof  deposits,  necessarily -qualified. 
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THE  STBENGTH  OF  WROUGHT  IRON  AS  AFFECTED  BY 

ITS  COMPOSITION  AND  BT  ITS  REDUCTION  IN 

ROLLING. 

BY  A.   L.   HOLLET,  PH.B.,  M.I.C.E.,  NEW   YORK   CITY. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

This  paper  is  an  abstract  and  a  discussion  of  results  obtained  by 
the  United  States  Test  Board  in  experiments  upon  14  brands  of 
wrought  iron,  most  of  which  are  well  known  and  of  high  repute.* 
The  iron  was  all  intended  for  chain-cables;  it  was  tested  in  the  form 
of  bars,  usually  of  nine  sizes,  from  1  inch  to  2  inches  round,  and  also 
in  the  forms  of  single  links  and  short  chains.  Not  less  than  2000 
tensile  tests  were  made,  each  showing  elastic  limit,  elongation,  and 
reduction  of  area.  This  work  was  done  with  conspicuous  intelli- 
gence and  fidelity,  at  the  Washington  Navy  Yard,  by  Commander 
L.  A.  Beardslee.  Some  important  practical  results  and  principles 
which  he  has  developed,  and  others  which  he  has  confirmed,  will  be 
referred  to.  The  chemical  part  of  this  work  consists  of  42  com- 
plete analyses  (including  slag),  by  Mr.  Blair,  chemist  to  the  Board. 

EFFECTS    OF   COMPOSITION    ON   STRENGTH. 

Variations  in  the  physical  qualities  of  iron  may  be  due  to  different 
composition,  or  to  different  treatment  in  manufacture,  or  to  both 
these  complex  causes.  In  order  to  determine  the  specific  causes  of 
variation,  one  class  of  altering  conditions  should  be  made  to  vary 
largely,  while  the  other  classes  should  be  kept  uniform.  Then 
another  class  should  be  varied,  and  so  on,  until  the  value  of  each  is 
ascertained.  As  all  the  irons  under  consideration  were  intended  to 
have  that  purity  and  refinement  which  was  deemed  indispensable  in 
chain-cables,  their  chemical  analyses  are  perhaps  more  important  in 
proving  that  physical  variations  result  chiefly  from  treatment,  than 
in  pointing  out  the  specific  effects  of  certain  ingredienfs.  While 
the  subject  of  treatment — especially  the  increase  of  strength  by 
greater  reduction  in  rolling — may  be  the  more  important  one,  it  can 
be  best  appreciated  after  we  have  familiarized  ourselves  with  the  gen- 
eral chemical  and  physical  characters  of  the  irons.  The  typical 
facts  are  given  in  the  following  tables. 

*  As  the  present  object  of  the  Board  is  not  to  compare  the  products  of  diflerent 
makers,  but  to  discover  the  physical  effects  of  various  composition  and  treatment, 
the  irons  are  designated  by  letters  rather  than  by  their  trade  names. 
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Table  I.  Analyses  of  Irons  Used  in  Making  Chain  Cables. 


A  2 

Bl   7-16 

C1}a 

D  1 

D  2 

D  13^,  lot! 

Dli^,  lot2 

D2,  Nov.  '76 

El^ 

FI14 

.Fxl}^,  lot  1 

Fxl,  lot  2 

Fx%lot3 

Jl    7-16 

Jl% 

Jl    11-16 

JIM 

J  IK 

K 

K  IH 

Lli^ 

LI    7-16 

L  1% 

LI    11-16 

LI    13-16 

L% 

L% 

MI14 

Ml% 

Ml% 

MIM 

Ml?^ 

M  1]4,  weld  end. 
M  114,  butt  end. 
M  1%,  weld  end. 
M  1%,  butt  end. 

N  IVs 

N2 

O  1 

O  1% 

P  1 

P  1% 


0.007 
0.008 
0.007 
0.005 
0.009 
0.005 
0.005 
0.005 
0.013 
0.004 
0.004 
0.004 
0.004 
0.003 
0.005 
0.005 
0.003 
0.004 
0.005 
0.006 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 
0.001 
0.004 
0.005 
0.015 
0.007 
0.008 
0.010 
0.005 
0.006 
0.008 
0.007 
0.004 
0.006 
0.004 
0.005 
0.009 
0.001 


0.178 
0.231 
0.169 
0.239 
0.191 
0.118 
0.158 
0.213 
0.181 
0.201 
0.187 
0.197 
0.193 
0.140 
0.291 
0.223 
0.213 
0.154 
0.161 
0.134 
0.065 
0.073 
0.067 
0.074 
0.084 
0.089 
0.232 
0.248 
0.233 
0.317 
0.219 
0.221 
0.211 
0.209 
0.263 
0.269 
0.190 
0.192 
0.067 
0.078 
0.250 
0.095 


0.139 

0.1.56 

0.154 

0.171 

0.185 

0.135 

0.108 

0.163 

0.159 

0.158 

0.163 

0.170 

0.170 

0.182 

0.321 

0.295 

0.303 

0.257 

0.156 

0.143 

0.105 

0.098 

0.098 

0.080 

0.093 

0.103 

0.175 

0.174 

0.204 

0.259 

0.139 

0.164 

0.182 

0.203 

0.177 

0.261 

0.159 

0.169 

0.065 

0.073 

0.1821 

0.028 


a 

□ 
0 

0 

a 

13 

0. 
0 
0 

cS 

0 
0 

0.021 

0.031 

0.172 

0.068 

0.015 

0.017 

0.038 

0.047 

0.042 

0.021 

0.046 

0.029 

0.028 

0.029 

0.008 

0.023 

0.045 

0.097 

0.012 

0.023 

0.020 

0.071 

0.016 

0.023 

0.024 

0.038 

0.018 

0.031 

0.035 

0.021 

0.007 

0.023 

0.018 

0.021 

0.054 

0.044 

0.026 

0.048 

0.002 

0.018 

0.032 

0.031 

0.010 

0.026 

0.033 

0.045 

0.008 

0.037 

0.028 

0.039 

0.006 

0.042 

0.027 

Trace. 

0.004 

Trace. 

0.034 

0.029 

0.011 

0.013 

0.035 

0.029 

0.009 

0.003 

0.051 

0.007 

0.011 

0.013 

0.033 

0.053 

Trace. 

Trace. 

0.062 

0.018 

0.048 

0.016 

0.071 

0.021 

0.046 

0.013 

0.453 

0.006 

0.008 

Trace. 

0.328 

0.005 

0.008 

0.013 

0.512 

0.029 

0.010 

0.010 

0.212 

0.014 

0.006 

0.010 

0.248 

0.016 

0.008 

0.008 

0.229 

0.019 

0.007 

0.015 

0.042 

0.040 

0.006 

0.026 

0.026 

Trace. 

0.314 

0110 

0.034 

0.059 

0.370 

0.058 

0.039 

0.021 

0.374 

0.098 

0.063 

0,022 

0.328 

0.052 

0.064 

0.031 

0.340 

0.053 

0.055 

Trace. 

0.324 

0.104 

0.055 

Trace. 

0.322 

0.097 

0.034 

Trace. 

0.430 

0.090 

0.028 

Trace. 

0.422 

0.087 

0.055 

0.026 

0.036 

0.026 

0.028 

0.050 

0.028 

0.031 

0.045 

0.007 

0.046 

0.033 

0.042 

0.005 

0.046 

0.034 

0.033 

0.033 

0.081 

0.037 

0.066 

0.009 

0.008 

0.020 

0.078 
0.037 
0.031 
0.028 
0.026 
0.029 
0.026 
0.028 
0.042 
0.028 
0.013 
0.037 
0.042 
0.008 
0.013 
0.008 
0.008 
0.013 
0.049 
0.037 
0.011 
0.013 
0.016 
0.013 
0.018 
0.018 
0.026 
0.340 
0.029 
0.175 
0.039 
0.034 
0.246 
0.243 
0.313 
0.303 
0.018 
0.028 
0.034 
0.037 
0.057 
0.023 


0.570 
0.546 


0.874 


1.120 
1.026 
0.678 
1.230 
1.724 
0.540 
0.354 
0.326 
0.192 
0.308 
0.452 
0  376 
0.388 
0.668 
1.096 
0.884 
1.034 
0.674 
0.828 
0.994 
1.078 
1.382 
1.738 
1.258 
2.262 
1.168 
0.974 
0.848 
1.214 


PROPORTION  OF  TENACITY  OF  SINGLE  LINKS  TO 
TENACITY  OF  BARS. 


li 


176.5 


178.2 
176.3 


158.9 
163. 


160 


U 


168.4 


1736 
181. 


169.1 
175.8 


172.9 


185.4 
160.5 


178.4 


163 


160. 


170.8 


163.4 
175.7 


170.2 
176.2 


159.3 


149.9 
152.7 


177.2 
178. 


185.6 


179.6 


187.8 
179.2 
123.4 


172.8 


191.4 
172.9 

193.4 


186. 
164. 


166. 


174.4 

183.4 
174.6 
163.5 
156  6 

171.1 

166  8 


165. 


189.6 
166.4 

179.2 


187.7 
175.1 

175  8 


183.2 

188. 

109.6 

166.7 

116.2 

137.3 
169.6 


1 1 1 


180.1 
177.6 


183.2 


171. 

174.8 
174.1 
180. 

162.1 


If 


174. 


199. 
175.8 

182.6 


178.4 
182.2 

172.4 


174. 

176.4 

173.8 

173.4 

175.6 

154.9 


1« 


169. 
172.8 


180.9 


179. 


172 

155 

160 
164 


167.6 

163.2 
158. 


181. 


172. 


162.1 


Aver- 
ages. 


173.3 


175.4 


183.1 
171.7 


178.5 


183.6 
168.9 


169.6 


175.7 

182.6 

162.6 

168.7 

152. 

160.9 
161.8 


169.2 


TABLE    II.     ABSTRACT    OF    PHYSICAL 
Tensile  Strength,  Reduction  of  Area,  and  Elongation  of  Bars,  and  Proportion  o 


TENSILE  STBENGTB 

,  REDUCTION  OP  AREA,  AND  ELONGATION  OP  BARS. 

^ 

1  Inch. 

IJ  Inch. 

IJ  Inch. 

lj\  Inoh. 

If  Inch. 

Ij'j  Inch. 

IJ  Inch. 

1|  Inch. 

lii  Inch. 

If  Inch. 

1^1  Inch. 

H  Inch. 

I 

T.  S. 

K. 

J?. 

T.  S. 

Jt. 

.B. 

T.  a. 

R. 

E. 

T.  S. 

B. 

E. 

T.  «. 

JR. 

E. 

T.  S. 

It. 

E. 

T.  S. 

Jt. 

E. 

T.  s. 

R. 

E. 

T.  S. 

It. 

E. 

T.  S. 

It. 

E. 

T.  S.        B. 

E. 

T.  S.        R. 

A. 

B. 
C. 

D. 

B. 

F. 

F.  X. 

G. 
H. 
J. 
K. 
L. 
M. 

N. 
0. 
P. 

P.X. 

54, 

61, 

51, 

55, 
53, 

57, 
57, 

690 

115 

921 

770 
316 

363 
807 

53.1 

48^2 

49^1 

45. 
44.5 

50.6 

27!  7 

22 

26 

28 

22 
15 

16 
14 

3 

1 

1 

9 
3 

2 

1 

53,900 

57,470 

54,687 
59,582 

53,097 

53,850 
50,149 

56,434 
54,644 

60,458 

56,143 
53,035 

57,289 

53.4 

3'9!5 

58.6 
45. 

49.1 

49.8 
52.4 

46.2 
41.1 

39.5 

40.7 
53.5 

47!  1 

23.5 

18  7 

18.3 
20.5 

29!  2 

21. 
24.1 

20  8 
17.8 

19.7 

21.7 
23. 

18^8 

53,879 

57,897 

55,550 
57,979 

53,893 

52,970 
52,729 

55,253 
53,247 

59,461 

53,752 
59,248 

56,478 

60,040 

56,876 
55,782 

56,334 

52.4 

35.9 

48.7 
44.3 

43!  1 

48.7 
47.6 

44  6 
48.4 

31.9 

37.8 

34.7 

57. 

51.7 
59.8 

45. 

24.9 

19.6 

14.2 
17.6 

29.2 

22.2 
20.6 

22.6 
23.3 

17. 

22.1 

23.7 

24.6 
32.5 

20.2 

56 
5^ 

,761 
,518 

■ 
44 

6 

19 

8 

53,557 

54,949 

54,949 
58,021 

52,254 

51,296 
52,339 

52,968 
52,733 

.  .  . 

55,790 

56,960 
56,777 

54,277 

50,594 

52,556 
55,230 

61.9 

33. 

48.7 
44.3 

43!  2 

46.9 
49  9 

46.4 
.53  1 

43  6 

37. 

41.6 

58  5 

38.9 
53.6 

23.5 

n.i 

16. 
24. 

29.3 

17.8 
20.1 

28. 
23.7 

22.6 

20.0 

21.5 

27.5 

29.6 
24.6 

52,287 
51,756 

53,944 

53,235 

50,400 
61,183 
69,205 

53,345 

27.9 
45.4 

51.6 

38.7 
24.4 

15 
16 

14 

15 
12 
92 

5 
2 

3 

51,884 

52,700 
55,404 

52,155 
56,605 

54,544 
55,415 

51,994 
50,820 

53,491 
52,819 

51,958 

52,462 

51,047 

57,317 

69,779 

54,888 
56,270 

53,555 

50,919 

52,868 
54,159 

54,354 

54.7 

37.3 
38.7 

43.2 
42. 

43.7 
49.1 

47.1 
49.6 

45.8 
47. 

43.7 

37.3 

10. 

30.5 

7.7 

39.5 

404 
56.3 

48!6 
42. 

25.4 

16.2 
20.6 

18. 
22.7 

14.4 
32.7 

11.4 
24.4 

23.8 
22.9 

14.8 
9.2 

14. 

19.7 
6.5 

22. 

23.4 
27.3 

23!  1 
22.6 

54,33-1 

49,030 
55,879 

53,695 
53,614 

52,676 
51,94U 

52,163 

53,537 
53,329 

51,205 

52,314 

52,748 

57,132 

67,117 

57,402 
54,851 

56,344 

52,401 

55,634 
54,689 

45.3 

46.6 
45.2 

44.6 
45.1 

46.6 
36.3 

47.8 

51.3 
45.8 

28.4 

40.8 

29.4 

44.9 

34.7 

39.7 

40.5 

52.2 

50! 
55. 

19. 

15.7 
19.5 

19. 
16.1 

13. 
30.4 

18.9 

18. 
23.1 

11.6 

15.7 

9. 
18.9 

6.5 
22. 

22.7 
22  1 

2l!2 

25.7 

52,895 
49,821 

52,120 

51,787 

54,114 
56,596 
55,322 

57,115 

.  .      51,509 

38.      16. 

39.5    15.      50,312 
.  .      54,410 

.  .      62,699 
.  .       .  .      53,472 

39.5    11.1    51,606 
.  .       .  .      49,816 

.  .       .  .      50,690 
.  .      50,547 

.  .       .  .      53,846 
.  .      53,154 

39.5    13.      50,395 

.  .      53,800 

33.8    15.      53,264 

44.      10.      57,874 

50.4    16.6    60,290 

'.'.       '.  .      57,003 
.  .      55,018 
.  .      50,129 

'.'.       '.'.      52,814 
.  .       .  .      54,212 

48.5 

32.5 
366 

51  3 

49.7 

41.3 

49. 

44.9 
49.2 

41.9 
46.4 

26.5 

20.3 

20.3 

26.5 
48.9 

31.7 
53.7 

44^4 
43.8 

22.1 

15.7 
17.9 

21.2 
17.2 

24.5 
15.7 

21.6 
28.4 

21.5 
23.4 

12. 

11.1 

11.5 

17.6 

11.1 

21.2 
23.8 

2318 
23.7 

53,109 
50,969 

50,307 

50,310 

48,953 

* 
56,201 

55,181 

42.4 
42.5 

47.6 

37.1 
31.5 
47.5 

20.3 
13.9 

14.8 

13. 
14. 
15.7 

50,854 

51,459 
53,100 

50,880 

51,039 
49,744 

52,875 
53,360 

55,803 

■51,037 
47,478 

52,305 

51,762 

47.6 

42.6 
31.9 

45.4 
49. 

41.3 
45.6 

'    '^ 

42. 

21.5 
54.8 

62!9 

49.8 

2 

2 

2 

2 

2 
2 

1 
2 

2 

2 
2 

2 

0 

Bars  marked 

*  omitted  from  averages,  they  bres 

PHYSICAL    TESTS    OF 
PToportio)i  of  Strength  of 


CHAIN    IRONS. 
Bar  Developed  in  Single  Links  and  in  Short  Chains. 


PROPORTION  OP  TENACITY  OP  SHORT  CHAINS  TO 
TENACITY  OP  BARS. 

PROPORTION  OP  TENACITY  OP  SINGLE  LINKS  TO 
TENACITY  OP  BARS. 

\ 
CH.                  H  Inch.         1            2  Inch. 

AVBRAQES. 

1 

^ 

1| 

lA 

n 

lA 

n 

H 

Hi 

If 

Hi 

IJ 

2 

Aver- 
ages. 

1 

li 

n 

lA 

If 

lA 

IJ 

n 

Hi 

1| 

HI 

IJ 

2 

Atkb- 

AQYU. 

E.        T.  S.        B. 

E.        T.  S. 

n. 

E. 

T.  S. 

M. 

E. 

>.4 
'.5 
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from  averages,  they  breaking  at  welds. 
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Table  III,  Relative  Values  of  Irons  in  Bars  in  tenacity,  red.  of 
area  and  elon.,  and  in  Proportion  of  Chain  to  Bar. 
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Table  IV.   Relative  Values  of  Irons.   Average  for  Bars,  Short  Chains, 
and  Single  Links. 
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Table  I.  Analyses  of  the  irons. 

Table  II.  Abstracts  of  physical  tests  of  irons,  and  proportions  of 
strength  of  links  to  that  of  bars. 

Table  III.  Relative  values  of  irons  in  bars,  in  tenacity,  reduction 
of  area,  and  elongation,  and  in  proportion  of  chain  to  bar. 

Table  IV.     Relative  values  of  irons.     Average  for  bars,  short 
chains,  and  single  links. 

Table  V.  Showing  effects  of  variation  of  reduction   and  of  uni- 
formity of  reduction  on  strength. 


*  Iron  L,  bars  of  which  exceeded  all  others  in  tenacity,  when  tested  in  single 
links  only,  gave  the  lowest  welding  value. 
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In  the  Report  of  the  Board,  under  the  head  of  Phosphorus,  the 
leading  chemical  and  physical  facts  about  each  iron  likely  to  be 
affected  by  this  element  are  compared,  and  then  the  group  of  irons 
is  considered,  and  a  conclusion  is  reached  ;  under  the  head  of  Silicon 
the  irons  are  again  gone  over  in  a  similar  manner,  and  so  on  with 
Carbon  and  other  ingredients.  A  description  of  a  few  irons  in  which 
composition  should  have  the  greatest  influence  on  strength  will  suf- 
fice to  introduce  these  conclusions.* 

Effects  of  Phosphorus. 

Iron  0.     P.,  0.07,  Si.,  0.07,  C,  0.04.     Slag  medium. 

Chemical  impurities  all  very  low. 

The  iron  had  been  thoroughly  worked. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  as  bar  and  as  link  very  high. 

Welds  very  good. 

Low  phosphorus  does  not  alone  account  for  these  qualities.  Iron 
F  with  P.,  0.20,  Si.,  0.16,  and  C,  0.03,  has  about  the  same  tenacity 
and  welding  power,  and  approaches  the  same  ductility.  Iron  P 
with  P.,  0.17,  Si.,  0.10,  and  C,  0.05,  has  about  equal  ductility.  See- 
ing that  the  thorough  working  of  the  small  bars  decreased  welding 
power,  as  compared  with  that  of  the  less  compressed  large  bars,  it 
is  probable  that  method  of  manufacture  is  an  important  factor  in  all 
physical  results.    The  effects  of  low  phosphorus  are  not  conspicuous. 

Iron  P.,  P.,  0.17,  Si.,  0.10,  C,  0.05,     Slag  very  low. 

P.,  and  C,  medium  ;  other  impurities  rather  low. 

Tenacity  high  as  link  and  as  bar. 

Ductility  high  as  link  and  as  bar. 

Welding  power  medium. 

Iron  properly  worked  for  tenacity  and  durability,  but  overworked 
for  welding.     (See  iron  Px.) 

This  iron  had  the  highest  average  of  good  qualities,  and  was  the 
best  for  general  constructive  purposes.  The  characteristic  effects  of 
phosphorus  are  shown  by  the  behavior  of  two  specimens  of  iron 
P,  viz. : 

1  in.  bar,  P.,  0.25,  had  tenacity  58,000  lbs.,  and  elongation  14 
per  cent. 

*  It  is  hoped  that  those  who  are  interested  in  this  subject  will  analyze  these 
data,  and  point  out  now  readings  and  missing  links  in  the  evidence,  if  such  there 
may  be. 
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If  in.  bar,  P.,  0.09,  had  tenacity  53,000  lbs.,  and  elongation  24 
per  cent. 

But  this  increased  tenacity  and  decreased  ductility  of  the  1  in.  bar 
are  not  due  to  P.  alone  ;  it  had  Si.  0.18  against  Si.  0.03  in  the 
larger  bar,  and  it  had  more  reduction  in  rolling.  Phosphorus  0.17 
may  thus  accompany  tlie  highest  general  value;  that  this  element 
did  not  cause  inferior  welding,  may  be  inferred  from  the  fact  that 
iron  Px,  made  of  the  same  materials  and  in  the  same  way,  except 
that  one  course  of  piling  and  hammering  was  omitted,  .welded  much 
better,  although  its  tenacity  and  ductility  were  decreased. 

Iron  D,  P.,  0.18  (0.12  to  0.24);  Si.,  0.15;  C,  0.03;  slag  low. 

Carbon  low;  other  impurities  medium. 

Different  bars  very  differently  worked. 

Tenacity  high  as  bar  and  link. 

Ductility  below  medium  as  bar  and  link. 

Welds  very  good. 

There  are  various  proofs  that  low  phosphorus,  even  with  low 
silicon,  do  not  make  high  ductility,  and  that  the  amount  of  reduc- 
tion is  the  more  important  factor.     For  instance : 

1  in.  bar,  P.,  0.24,  Si.,  0.17.  has  tenacity  61,000  lbs.;  elongation,  26  per  cent. 
IJ  in.  bar.  P.,  0.16,  Si.,  0.11,  has  tenacity  56,000  lbs.;  elongation,  23  per  cent. 

2  in.  bar.  P.,  0.19,  Si.,  0.18,  has  tenacity  51,000  lbs.;  elongation,  18  per  cent. 

The  welds  of  the  medium-sized  and  worked  bars  were  best,  but 
all  were  good.  No  harmful  effect  of  phosphorus  can  be  traced  in 
this  iron. 

Iron  B  welded  best,  and  had  P.,  0.23,  and  C,  0.015. 

Iron  F.    P.,  0.20;  Si.,  0.16;  C,  0.03;  slag  low. 

Carbon  low;  other  impurities  medium. 

Iron  suitably  worked  for  welding,  and  very  uniform. 

Tenacity  as  bar  and  as  link  very  low. 

Ductility  high. 

Welding  power  good. 

The  remarkable  uniformity  of  this  iron  proves  it  to  have  been 
made  with  great  care  from  selected  materials.  Why  its  tenacity 
is  so  low  it  is  difficult  to  say  on  chemical  grounds.  The  same  iron, 
Fx,  more  worked,  gives  a  medium  tenacity,  with  substantially  the 
same  analysis.  Iron  A,  Avith  less  P.,  Si.,  and  C,  is  stronger. 
Iron  E  has  lower  P.,  the  same  Si.,  and  only  0.02  C,  and  yet  a 
higher  tenacity. 


106  THE   STRENGTH    OF    WROUGHT   IRON. 

Iron  Px  (F  more  worked).    P.,  0.19 ;  Si.,  0.17;   C,  0.03. 

Ingredients  substantially  the  same  as  in  F. 

Iron  much  more  worked  than  F. 

Tenacity  medium  in  link  and  bar. 

Ductility  good. 

Welding  power  below  medium. 

Iron  B,  P.,  0.23;  Si.,  0.16;  C,  0.015. 

P.  rather  high;  Si.  medium;  and  C.  very  low. 

Iron  not  sufficiently  M'orked  for  strength. 

Tenacity  rather  low. 

Ductility  quite  low. 

Welds  very  good. 

Notwithstanding  the  extremely  low  C,  the  iron  was  not  ductile. 
P.  may  well  account  for  this,  but  not  for  low  tenacity,  as  some  of 
iron  P  had  more  P.  and  much  higher  tenacity.  Low  C.  may  partly 
account  for  low  tenacity  and  good  welds,  but  small  reduction  seems 
to  be  an  equal  cause.     High  P.  did  not  prevent  excellent  welding. 

Iron  M,  P.,  0.25  (0.21  to  0.32);  Si.,  0.20  (0.16  to  0.26);  C, 
0.04;  Ni.,0.18  (0.03  to  0.34);  Cu.,  0.34  (0.13  to  0.43);  slag  various. 

P.  rather  high;  Si.  above  medium;  copper  and  nickel  high; 
C.  rather  low. 

The  amount  of  work  the  iron  received  can  only  be  inferred  from 
the  sizes  of  the  bars. 

Tenacity  considerably  above  average. 

Ductility  average. 

Welds  weak. 

The  character  of  this  iron  is  so  complex,  and  its  physical  character 
varies  so  much  in  the  same  sized  bars,  that  no  satisfactory  analysis 
of  the  data  can  be  made.  It  seems  certain,  from  a  comparison  of 
the  tables,  that  neither  copper,  nickel,  cobalt,  nor  slag  materially 
affected  strength;  the  effects  of  these  ingredients  on  welding  will  be 
considered  under  another  head.* 

Condusions  about  Phosphorus. — The  best  of  these  irons  average  : 
P.,  0.15  to  0.20.     The  extreme  limits  are  0.065  and  0.317.     A  soft 

*  Chromium  occurs  only  in  iron  M,  four  analyses  of  which  show  Cr.  0.061  to 
0.089.  As  this  element  is  known  to  increase  the  tenacitj'  of  steel,  it  may  have 
brought  iron  M,  up  to  a  good  standard  of  tenacity,  without  helping  its  other 
structural  qualities.  These  experiments  give  no  absolute  evidence  as  to  the 
eftects  of  chromium ;  but  it  may  be  said  that  when  mere  tenacity  is  made  the 
criterion  of  fitness,  an  untrustworthy  iron  like  M,  may  be  "physicked"  in 
various  ways  to  meet  thai  requirement. 
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boiler-plate  steel  might  have  the  former  amount ;  the  latter  would 
give  high  tenacity  and  brittleness  to  even  a  low-carbon  steel.  The 
investigations  have  been  made  so  difficult  by  the  chemical  similarity 
and  general  purity  of  most  of  the  irons,  and  by  their  various  degrees 
of  reduction  in  rolling,  that  the  effect  of  phosphorus  cannot  be 
independently  traced.  While  special  bars  having  chemical  and 
structural  conditions  otherwise  similar,  seem  to  be  increased  in 
tenacity  and  brittleness  by  high  phosphorus,  other  bars  low  in  this 
element  are  not  the  mildest.  Of  one  iron,  a  1  in.  bar,  with  P.  0.25, 
had  5000  lbs.  more  tenacity  per  square  inch  and  10  per  cent,  less 
stretch  than  a  If  in.  bar  with  P.  0.09.  But  the  1  in.  bar  had  also 
silicon  0.18,  while  the  If  in.  had  Si.  0.03  ;  and  the  smaller  bar 
received  greater  reduction  and  strength  in  rolling,  as  we  shall  see 
farther  on. 

The  phosphorus  (average  in  each  iron)  in  the  irons  likely  to  be 
affected  by  it,  runs  very  irregularly  as  follows,  beginning  with  the 
highest  of  the  following  physical  values  :  Tenacity,  P.,  0.18,  0.17, 
0.25,  0.17,  0.19,  0.19,  0.20,  0.18,  0.20,  0.07.  Reduction  of  area,  P., 
0.07,  0.18,  0.20,  0.19,  0.18,  0.20,  0.19,  0.16,  0.17,  0.25,  0.23,  0.19. 
Elongation,  P.,  0.18,  0.07,  0.18,  0.20,  0.20,  0.19,  0.25,  0.16,  0.19, 
0.17,  0.23. 

It  may  be  generally  stated  that  phosphorus  0.20,  with  carbon 
about  0.03  and  silicon  under  0.15,  gave  the  best  chain  cable  irons 
of  this  group,  although  low  tenacity  and  high  ductility  are  the  chief 
requirements  of  such  irons. 

The  effects  of  the  different  constituents  on  welding  will  be  con- 
sidered under  that  head. 

Effects  of  Silicon. 

See  foregoing  descriptions  of  irons  0,  P,  F,  and  M. 

In  iron  F,  which  is  among  the  highest  in  silicon,  did  this  element 
cause  the  very  low  tenacity  despite  the  fair  amount  of  P.  (0.20)? 
If  so,  Si.  must  affect  tenacity  more  than  it  affects  ductility.  But 
this  is  not  the  fact.  In  iron  J  ductility  as  well  as  tenacity  is 
reduced  very  low  by  high  Si.  (0.27). 

Iron  J,  Si.,  0.27  (0.18  to  0.32) ;  P.,  0.20;  C,  0.035.   Slag  average. 

Silicon  high  ;  other  impurities  medium. 

Iron  not  overworked. 

Tenacity  very  low  in  bar  and  link. 

Ductility  very  low  in  bar  and  link. 

Weld  rather  bad. 
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There  was  no  apparent  chemical  or  physical  cause  for  this  low 
strength,  except  excessive  silicon.  Under  sledge  blows  the  bars 
split  as  often  as  they  broke  off,  and  the  faces  of  the  fracture  were 
like  layers  of  charcoal,  although  both  carbon  and  slag  were  medium. 

Conclusions  about  Silicon. — No  ingredient  of  steel  is  less  under- 
stood than  this  one.  The  technical  managers  of  the  Terrenoire  Works 
in  France,  who  have  been  notably  successful  in  their  steel  manufac- 
tures founded  on  chemical  induction,  especially  in  the  manufacture 
of  sound  steel  castings  which  contain  a  large  amount  of  Si.,  believe 
that  this  ingredient,  up  to  the  amount  contained  in  most  of  the  irons 
we  are  considering,  does  not  decrease  the  tenacity  or  ductility  of  steel. 
And  it  is  true  that  good  steels  are  made  by  various  processes  with  as 
much  as  0.20  Si.  It  is  believed  by  the  Terrenoire  managers  that  silica 
is  the  cause  of  the  bad  effects  usually  attributed  to  silicon.  The  table 
of  analyses  will  show  that,  in  this  case,  the  ore  has  not  been  mis- 
taken for  the  metal.  The  slag,  which  contains  the  silica,  has  been 
separately  determined.  Why  wrought  iron  should  differ  from  steel 
in  respect  of  the  effects  of  Si.  we  have  not  so  far  been  able  to  de- 
termine, if,  indeed,  it  does  so  differ.  It  can  only  be  said,  with  refer- 
ence to  this  series  of  experiments,  that  there  is  an  apparent  decrease 
of  strength  due  to  an  excess  of  this  element,  while  the  effects  of 
medium  amounts  of  it  are  overshadowed  by  larger  causes.  The  ex- 
tremes of  Si.  were,  0.028  and  0.321.  In  the  best  irons  it  averaged 
about  0.15.  It  ran  as  follows,  with  a  regularly  decreasing  order  of 
value  in  Tenacity,  Si.,  0.11,  0.15,  0.20,  0.10,  0.16,  0.16,  0.17,  0.14, 
0.27,  0.16,  0.07.  Reduction  of  area,  Si.,  0.07,  0.14,  0.16,  0.14,  0.10, 
0.17,  0.16,  0.11,  0.15,  0.20,  0.16,  0.27.  Elongation,  Si.,  0.10,  0.07, 
0.14,  0.17,  0.16,  0.16,  0.20,  0.11,  0.16,  0.14,  0.15,  0.16,  0.27. 

Effects  of  Carbon. 

See  foregoing  remarks  on  iron  B,  in  which  C.  is  extremely  low. 
^  Iron  L,  C,  average  0.35,  highest  0.51 ;  P.,  0.10;  Si.,  0.10.    Slag 
low. 

Carbon  very  high  ;  other  impurities  quite  low. 

Tenacity  as  bar  highest. 

Ductility  as  bar  and  link  lowest. 

Welding  power  most  imperfect,  decreasing  as  C.  increases. 

The  following  table,  from  a  paper  by  Wm.  Hackney,  Esq.,*  is 

*  Kead  before  the  Institution  of  Civil  Engineers,  London,  April,  1875. 
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valuable  in  this  connection,  as  showing  the  amounts  of  C.  in  various 
well-known  brands  of  wrought  iron  and  steel : 

PERCENTAGES    OF    CARBON    IN    SOME    VARIETIES   OF    IRON    AND    STEEL. 


Series  of  the  Irons. 


Description. 
Soft  puddled  iron,     .     . 

Armor  plates,  .... 

Iron  rail, 

Lowmoor  boiler  plate, 
Staffordshire  boiler 
plate,   

Kussian  bar  iron, .     . 

Swedish  iron  bar,      .     . 

Steely  puddled  iron, 

Iron  made  by  Catalan 
process  direct  from 
the  ore, 

Soft  puddled  steel,     .     . 

Puddled  steel  rail,     . 

Hard  puddled  Steel,  .     . 


Percentage 
of  Carbon. 

trace* 

0.016t 

O.033t 

0.044t 

0  09+ 

O.lOj 

0.19t 

0.272f- 
0.340t 
0.054t 
0.087t 
0.386t 
0.30  to  0.40+ 

tracesf 
0.420t 

O.oOlf 
0.55J 

i.asof 


Series  of  the  Steels. 


•    Description. 
Extra  soft  Fagersta 

Bessemer  steel. 
Extra  soft  Dowlais 

Bessemer  steel, 
Crewe  boiler-plate  steel, 

Bessemer  process,   . 
Locomotive  crank-axles, 

Seraing  Bessemer  steel. 
Locomotive  crank-axle, 

by  Vickers,  Sheffield, 
Kails  and  tires,  .  .  . 
Bessemer  spring  steel,  . 
Crucible  steel : 

For  masons'  tools. 

For  chipping  chisels,  . 

Crank  axle  (by  Krupp) 

Gun  (bv  Krupp),   .     . 

For  flat  files,  .  .  . 
Forged  Indian  wootz,    . 


Percentage 
of  Carbon. 

I  0.085g 

1 0.18511 

|0  22to0.241f 

\031J 

/0.49J 

1 0.46* 

0.30  to  0.50 
0.45to0.55t 

0.6* 
0.75* 
,  1.05t 
List 
1.20* 
1.645t 


Iron  L  is,  therefore,  a  so-called  puddled  steel,  or  more  properly 
a  weld-steel.  Since  its  impurities,  other  than  C,  are  so  small,  it  is 
impossible  to  avoid  the  conclusion  that  C.  is  the  cause  of  its  marked 
physical  character.     This  is  more  plainly  shown  by  the  following : 

IJ  in.  bar,  C.  0.45,  has  70,000  tension  and  6.5  per  cent,  elongation. 
If  in.  bar,  C.  0.51,  has  67,000  tension  and  6.5  per  cent,  elongation. 
C.  0.21  to  0.25  has  average  58,000  tension  and  18  per  cent,  elongation. 

Iron  K,  C,  0.07;  P.,  0.15;  Si.,  0.15;  slag  low. 
C.  slightly  high ;  other  impurities  medium. 
Iron  well  worked  and  very  uniform. 
Tenacity  as  bar  and  link  very  high. 
Ductility  below  medium. 
Welding  power  quite  low. 

.  The  ductility  was  very  fair  w^hen  the  bar  was  not  nicked.  The 
fracture  was  fine  and  silvery,  like  that  of  low  steel.  These  facts,  and 
the  medium  amounts  of  other  impurities,  pdint  to  C.  as  the  harden- 


*  A.  Willis. 
§  D.  Forbes. 


t  J.  Percy. 

II  Snelus. 


X  A.  Greiner. 
T[  F.  W.  Webb. 
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ing  element.     Irons  having  similar  amounts  of  P.  and  Si.,  and  low 
carbon,  like  irons  A  and  0,  have  lower  tenacity  and  higher  ductility. 

Iron  E,  C,  0.018;  P.,  018;  Si.,  0.16. 

C.  very  low;  other  impurities  medium. 

Tenacity  below  average. 

Ductility  high. 
.     Welding  power  pretty  good. 

These  phenomena  seem  to  be  connected  with  low  carbon. 

Conclusions  about  Carbon. — So  much  is  known  concerning  the 
influence  of  C.  on  both  wrought  iron  and  steel,  that  there  is  little 
danger  of  falling  into  error  about  it.  The  irons  under  consideration 
have  C.  almost  exclusively  low  and  pretty  uniform;  the  exceptional 
cases  give  very  marked  physical  results,  especially  iron  L,  which  is 
the  only  one  really  high  in  C.  The  other  irons  ranged  between 
0.015  and  0.07.  Carbon  ran  with  the  following  decreasing  order  of 
value  in  Tenacity,  C,  0.35,  0.07,  0.042,  0.04,  0.05,  0.04,  0.032, 
0.033,  0.015,  0.02,  0.018,  0.03.  Reduction  of  area,  C,  0.02,  0.03, 
0.05,  0.033,  0.018,  0.032,  0.04,  0.04,  0.07,  0.015,  0.04,  0.35.  Elon- 
gation, C,  0.05,  0.02,  0.033,  0.03,  0.032,  0.04,  0.04,  0.07,  0.015, 
0.04,  0.35. 

It  seems  thus  easy  to  vary  the  physical  qualities  of  puddled  iron 
by  carbon ;  but  whether  or  not  it  is  easy  to  uniformly  vary  the 
carbon  in  puddled  iron,  the  checkered  history  of  the  "puddled-steel" 
process  will  show.  As  we  shall  observe  farther  on,  for  uses  in 
which  the  value  of  an  iron  depends  on  the  strength  of  the  particular 
kind  of  weld  given  to  these  links,  C.  must  be  under  0.04.  But  for 
uses  in  which  the  strength  of  the  bar  is  the  measure  of  fitness,  C. 
may  run  up  to  0.50  or  more. 

Manganese  is  so  very  low  in  all  these  irons  that  its  effects  cannot 
be  traced.  It  is  highest  in  one  lot  of  iron  D,  viz.,  0.097;  but  even 
this  could  have  little  effect,  in  view  of  the  fact  that  Mn.  is  often  three 
times  as  high  in  very  soft  steels,  and  sometimes  runs  above  one  per 
cent,  in  low  structural  steels.  Mn.  seems  to  toughen  steel,  and  to 
make  it  cast  sound;  its  hardening  effect  up  to  Mn.  0.20  to  0.30  is 
slight. 

Copper  is  very  low  in  all  the  irons,  except  M  (Cu.  0.31  to  0.43), 
which  has  about  the  average  tenacity  and  ductility.  Cu.  is  next 
highest  (Cu.  0.17)  in  iron  A,  which  has  rather  low  tenacity,  but 
very  high  ductility,  on  account  of  its  low  carbon  (C.  0.02).  These 
experiments  furnish  no  evidence  that  copper  affects  strength.  Its 
effect  on  welding  will  be  farther  considered. 
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NicJcel  was  only  high  (Ni.  0.34)  in  some  of  the  bars  of  iron  M, 
but  did  not  appear  to  affect  their  strength.  That  it  may  have 
helped  their  welding  capacity  is  farther  referred  to. 

Cobalt  was  so  low  (Co.  0.11  maximum)  that  its  effects  on  strength 
could  not  be  traced.  Possibly  copper  may  have  been  neutralized 
by  Ni.  and  Co.  in  its  effect  on  strength,  but  these  data  are  not 
evidence  one  way  or  the  other. 

Sulphur  was  extremely  low  in  all  the  irons,  S.  0;046  being  the 
highest  percentage  in  one  lot  of  iron  M.  So  little  S.  did  not  affect 
welding  power,  as  we  shall  observe  farther  on ;  and  it  could  hardly 
impair  strength,  when  irons  red-short  from  much  S.  are  usually 
strong. 

Slag. — This  averages  about  1  per  cent.  It  is  lowest  in  iron  L 
(slag  0.38),  and  highest  in  the  2-inch  bar  of  iron  N  (slag  2,26). 
This  bar  had  51,700  lbs.  tenacity,  and  8.7  per  cent,  elongation; 
while  the  1^  inch  bar  of  iron  N,  with  1.258  slag,  had  56,000  lbs. 
tenacity,  and  21.7  per  cent,  elongation.  Was  this  the  result  of  too 
little  work  on  the  larger  bar,  or  of  the  slag  per  sef  Is  the  presence 
of  much  slag  merely  an  indication  of  too  little  work — of  a  loose 
structure  resulting  from  too  little  condensation  of  the  fibres?  Or 
does  the  slag,  as  slag,  or  dirt,  exert  an  independent  weakening  in- 
fluence?    RefeJ.'ring  to  the  table  of  analyses  we  find : 


ron. 

Size. 

Slag. 

Iron. 

Size. 

Slag. 

L 

¥' 

0.668 

L 

\" 

0.388 

0 

\\" 

1.096 

L 

ItV' 

0.192 

o 

\\" 

0.974 

L 

1 1// 

•^2 

0.326 

p 

1   " 

0.848 

L 

\\" 

0.308 

p 

\\" 

1.214 

L 

111// 
^f  6 

0.452 

D 

1   " 

0.570 

L 

Hf' 

0.376 

D 

2  " 

0.546 

It  appears  that  the  smallest  and  most  worked  iron  often  has  the 
most  slag.  It  is  hence  reasonable  to  conclude  that  an  iron  may  be 
dirty  and  yet  thoroughly  condensed  ;  and  it  therefore  seems  probable 
that  the  1^  inch  bar  of  iron  N  was  4300  lbs.  stronger  than  the 
2-inch  bar,  partly  because  it  had  1  per  cent,  less  slag.  The  1-inch 
bar  of  iron  P  had  nearly  58,000  lbs.  tenacity,  while  the  If  bar,  with 
0.40  more  slag,  had  a  little  less  than  53,000  lbs.  tenacity.  It  is, 
however,  impcssible  to  establish  any  close  conclusions  from  these 
small  variations  of  slag.  The  investigation  requires  analyses  of 
irons  equally  worked,  some  of  the  specimens  being  purposely  made 
very  dirty. 
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WELDING. 

Before  comparing  the  irons  under  this  head,  it  may  be  well  to 
briefly  consider  the  heretofore  ascertained  facts,  and  the  speculations 
M'hich  grow  out  of  them.  The  generally  received  theory  of  welding 
is  that  it  is  merely  pressing  the  molecules  of  metal  into  contact,  or 
rather  into  such  proximity  as  they  have  in  the  other  parts  of  the 
ban  Up  to  this  point  there  can  hardly  be  any  diiferejice  of  opinion, 
but  here  uncertainty  begins. 

What  impairs  or  prevents  welding?  Is  it  merely  the  interpo- 
sition of  foreign  substances  between  the  molecules  of  iron,  or  of  iron 
and  any  other  substance  which  will  enter  into  molecular  relations  or 
vibrations  with  iron?  Is  it  merely  the  mechanical  preventing  of 
contact  between  molecules,  by  the  interposition  of  such  substances  ? 
This  theory  is  based  on  such  facts  as  the  following:  1.  Not  only 
iron  but  steel  has  been  so  perfectly  united  that  the  seam  could  not 
be  discovered,  and  that  the  strength  was  as  great  as  it  was  at  any 
point,  by  accurately  planing  and  thoroughly  smoothing  and  cleaning 
the  surfaces,  binding  the  two  pieces  together,  subjecting  them  to  a 
welding  heat,  and  pressing  them  together  by  a  very  few  hammer 
blows.  But  when  a  thin  film  of  oxide  of  iron  was  placed  between 
similar  smooth  surfaces,  a  weld  could  not  be  effected. 

2.  Heterogeneous  steel-scrap,  having  a  much  larger  variation  in 
composition  than  these  irons  have,  when  placed  in  a  box  composed 
of  wrought  iron  side  and  end  pieces  laid  together,  is  (on  a  commer- 
cial scale)  heated  to  the  high  temperature  which  the  wrought  iron 
•will  stand,  and  then  rolled  into  bars  which  are  more  homogeneous 
than  ordinary  wrought  iron.  The  wrought  iron  box  so  settles  to- 
gether as  the  heat  increases  that  it  nearly  excludes  the  oxidizing 
atmosphere  of  the  furnace,  and  no  film  of  oxide  of  iron  is  interposed 
between  the  surfiices.  At  the  same  time  the  inclosed  and  more 
fusible  steel  is  partially  melted,  so  that  the  impurities  are  partly 
forced  out  and  partly  diffused  throughout  the  mass  by  the  rolling. 

The  other  theory  is  that  the  molecular  motions  of  the  iron  are 
changed  by  the  presence  of  certain  impurities,  such  as  copper  and 
carbon,  in  such  a  manner  that  welding  cannot  occur  or  is  greatly 
impaired.  In  favor  of  this  theory  it  may  be  claimed  that,  sjly  2  per 
cent,  of  copper  will  almost  prevent  a  weld,  while,  if  the  interposition 
theory  were  true,  this  copper  could  only  weaken  the  weld  2  per  cent., 
as  it  could  only  cover  2  per  cent,  of  the  surfaces  of  the  molecules  to 
be  united.     It  is  also  stated  that  1  per  cent,  of  carbon  greatly  im- 
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pairs  welding  power,  while  the  mere  interposition  of  carbon  should 
only  reduce  it  1  per  cent. 

On  the  other  hand,  it  may  be  claimed  that  in  the  perfect  welding 
due  to  the  fusion  of  cast  iron,  the  interposition  of  10  or  even  20  per 
cent,  of  impurities,  such  as  carbon,  silicon,  and  copper,  does  not 
affect  the  strength  of  the  mass  as  much  as  one  or  two  per  cent,  of 
carbon  or  copper  affects  the  strength  of  a  weld  made  at  a  plastic 
instead  of  a  fluid  heat.  It  is  also  true  that  high  tool  steel,  contain- 
ing IJ  per  cent,  of  carbon,  is  much  stronger  throughout  its  mass, 
all  of  which  has  been  welded  by  fusion,  than  it  would  be  if  it  had 
less  carbon.  Hence  copper  and  carbon  cannot  impair  the  welding 
power  of  iron  in  any  greater  degree  than  by  their  interposition, 
provided  the  welding  has  the  benefit  of  that  'perfect  mobility  which  is 
due  to  fusion.  The  similar  effect  of  partial  fusion  of  steel  in  a  wrought 
iron  box  has  already  been  mentioned.  The  inference  is,  that  im- 
perfect welding  is  not  the  result  of  a  change  in  molecular  motions, 
due  to  impurities,  but  of  imperfect  mobility  of  the  mass — of  not 
giving  the  molecules  a  chance  to  get  together. 

Should  it  be  suggested  that  the  temperature  of  fusion,  as  com- 
pared with  that  of  plasticity,  may  so  change  chemical  affinities  as  to 
account  for  the  different  degrees  of  welding  power,  it  may  be  answered 
that  the  temperature  of  fusion  in  one  kind  of  iron  is  lower  than  that 
of  plasticity  in  another,  and  that  as  the  welding  and  melting  points 
of  iron  are  largely  due  to  the  carbon  they  contain,  such  an  impurity 
as  copper,  for  instance,  ought,  on  this  theory,  to  impair  welding  in 
some  cases  and  not  to  affect  it  in  others.  This  will  be  farther  re- 
ferred to. 

The  next  inference  would  be  that  by  increasing  temperature  we 
chiefly  improve  the  quality  of  welding.  If  temperature  is  increased 
to  fusion,  welding  is  practically  perfect;  if  to  plasticity  and  mobility 
of  surfaces,  welding  should  be  nearly  perfect. 

Then  how  does  it  sometimes  occur  that  the  more  irons  are  heated 
the  worse  they  weld  ? 

1.  Not  by  reason  of  mere  temperature  ;  for  a  heat  almost  to  dis- 
sociation will  fuse  wrought  iron  into  a  homogeneous  mass. 

2.  Probably  by  reason  of  oxidation,  which,  in  a  smith's  fire 
especially,  necessarily  increases  as  the  temperature  increases.  Even 
in  a  gas  furnace,  a  very  hot  flame  is  usually  an  oxidizing  flame. 
The  oxide  of  iron  forms  a  dividing  film  between  the  surfaces  to  be 
joined;  while  the  slight  interposition  of  the  same  oxide,  when 
diffused  throughout  the  mass  by  fusion  or  partial  fusion,  hardly 
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affects  welding.  It  is  true  that  the  contained  slag,  or  the  arti- 
ficial flux,  becomes  more  fluid  as  the  temperature  rises,  and  thus 
tends  to  wash  away  the  oxide  from  the  surfaces;  but  inasmuch  as 
any  iron,  with  any  welding  flux,  can  be  oxidized  till  it  scintillates, 
the  value  of  a  high  heat  in  liquefying  the  slag  is  more  than  balanced 
by  its  damage  in  burning  the  iron. 

3.  But  it  still  remains  to  be  explained  why  some  irons  weld  at  a 
higher  temperature  than  others ;  notably,  why  irons  high  in  carbon 
or  in  some  other  impurities  can  only  be  welded  soundly  by  ordinary 
processes  at  low  heats.  It  can  only  be  said  that  these  impurities,  as 
far  as  we  are  aware,  increase  the  fusibility  of  iron,  and  that  in  an 
oxidizing  flame  oxidation  becomes  more  excessive  as  the  point  of 
fusion  approaches.  Welding  demands  a  certain  condition  of  plas- 
ticity of  surface;  if  this  condition  is  not  reached,  welding  fails  for 
want  of  contact  due  to  mobility;  if  it  is  exceeded,  welding  fails  for 
want  of  contact  due  to  excessiv^e  oxidation.  The  temperature  of 
this  certain  condition  of  plasticity  varies  with  all  the  different 
compositions  of  irons.  Hence,  while  it  may  be  true  that  heteroge- 
neous irons,  which  have  different  welding- points,  cannot  be  soundly 
welded  to  one  another  in  an  oxidizing  flame,  it  is  not  yet  proved, 
nor  is  it  probable  that  homogeneous  irons  cannot  be  welded  together, 
whatever  their  composition,  even  in  an  oxidizing  flame.  A  collateral 
proof  of  this  is,  that  one  smith  can  weld  irons  and  steels  which 
another  smith  cannot  weld  at  all,  by  means  of  a  skilful  selection  of 
fluxes  and  a  nice  variation  of  temperatures. 

To  recapitulate :  It  is  certain  that  perfect  welds  are  made  by 
means  of  perfect  contact  due  to  fusion,  and  that  nearly  perfect  welds 
are  made  by  means  of  such  contact  as  may  be  got  by  partial  fusion 
in  a  non-oxidizing  atmosphere  or  by  the  mechanical  fitting  of  sur- 
faces, whatever  the  composition  of  the  iron  may  be  within  all  known 
limits.  While  high  temperature  is  thus  the  first  cause  of  that 
mobility  which  promotes  welding,  it  is  also  the  cause,  in  an  oxidizing 
atmosphere,  of  that  "burning"  which  injures  both  the  weld  and  the 
iron.  Hence,  welding  in  an  oxidizing  atmosphere  must  be  done  at 
a  heat  which  gives  a  compromise  between  imperfect  contact  due 
to  want  of  mobility  on  the  one  hand,  and  imperfect  contact  due  to 
oxidation  on  the  other  hand.  This  heat  varies  with  each  .different 
composition  of  irons.  It  varies  because  these  compositions  change 
the  fusing-points  of  irons,  and  hence  their  points  of  excessive  oxida- 
tion. Hence,  while  ingredients,  such  as  carbon,  phosphorus,  copper, 
etc.,  positively  do  not  prevent  welding  under  fusion,  or  in  a  non- 
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oxidizing  atmosphere,  it  is  probable  that  they  impair  it  in  an  oxidiz- 
ing atmosphere,  not  directly,  but  only  by  changing  the  suscepti- 
bility of  the  iron  to  oxidation. 

The  obvious  conclusions  are :  1st.  That  any  wrought  iron,  of 
whatever  ordinary  composition,  may  be  welded  to  itself  in  an 
oxidizing  atmosphere  at  a  certain  temperature,  which  may  differ 
very  largely  from  that  one  which  is  vaguely  known  as  "a  welding 
heat."  2d.  That  in  a  non-oxidizing  atmosphere,  heterogeneous 
irons,  however  impure,  may  be  soundly  welded  at  indefinitely  high 
temperatures. 

These  speculations  may  throw  little  light  on  the  subject  of 
welding.  They  are  introduced  for  the  purpose  of  indicating  the 
direction  of  farther  inquiry  and  experiment,  and  of  impressing  the 
necessity  of  caution  in  arriving  at  conclusions  about  these  irons  from 
the  limited  data  afforded  by  these  experiments. 

In  reviewing  the  experiments  with  reference  to  welding,  and 
under  the  precaution  mentioned,  let  us  observe : 

1st.  All  the  irons  were  so  very  low  in  sulphur  that  this  ingredient 
could  not  have  materially  afFected  welding  power. 

2d.  As  we  shall  see  in  detail,  farther  on,  the  irregular  differences 
in  the  working  and  reduction  of  the  bars  which  affected  all  other 
physical  properties  affected  this  one  also. 

Let  us  first  take  the  singularly  impure  iron  M.  Its  surfaces  were 
pretty  well  united  by  welding,  but  the  iron  about  the  weld  was 
weakened,  especially  at  a  high  heat.  Of  59  ruptures  of  links  made 
of  this  iron,  33  were  through  the  weld,  and  the  iron  was  little 
distorted.  Of  303  ruptures  of  links  made  of  other  irons,  but  36 
were  through  the  weld. 

The  IJ  in.  bar  of  iron  M  presents  an  exception;  it  stands  high 
on  the  list  in  welding  capacity,  and  contains  copper  0.31  (average 
Cu.  in  iron  M  0.34).  Its  phosphorus,  slag,  and  silicon  are  about 
average.  But  the  bar  is  also  remarkable  in  containing  nickel  0.35 
and  cobalt  0.11.  Did  these  ingredients  neutralize  the  copper  under 
this  special  treatment?  No  other  irons  contain  any  notable  amount 
of  them,  except  iron  A,  which  has  Co.  0.07  and  Ni.  0.08;  but  it 
also  has  Cu.  0.17.*  The  welds  of  this  iron  were  very  strong,  the 
links  breaking  oftener  at  the  butt  than  at  the  weld. 

Two  links  made  from  iron  M  were  analyzed  from  specimens  taken 

*  This  iron  mny  have  received  the  copper  while  being  rolled  in  a  train  ordi- 
narily used  for  copper. 


116  THE   STRENGTH    OF    WROUGHT    IRON. 

at  the  weld  end  and  at  the  butt  end.  The  weld  end  had  been 
reheated  and  hammered  twice ;  the  butt  end  had  not  been  ham- 
mered, and  had  received  heat  only  by  conduction  from  the  other 
end.  The  analyses  show  that  silicon  and  slag  only  were  materially 
affected  by  twice  heating  and  hammering,  as  follows  : 

SI.  SLAG. 

Iron  M,  1^  in.  bar,  weld  end, 0.182  0.994 

"         IJ  in.  bar,  butt  end, 0.203  1.078 

"         If  in.  bar,  weld  end, 0.177  1.382 

"         If  in.  bar,  butt  end, 0.261  1.738 

In  oxidizing  to  silica,  the  Si.  diffused  a  small  amount  of  flux, 
which  should  have  helped  welding  by  preventing  oxidation  or  by 
carrying  off  oxide  of  iron,  or  both  ;  but  the  amount  was  so  very 
small  in  this  case  that  its  effect  cannot  be  traced.  Nor  does  iron 
J,  in  which  Si.  was  highest  (0.18  to  0.32),  confirm  this  theory. 
Although  the  other  impurities  were  not  high,  and  the  iron  was  not 
overworked,  it  welded  rather  badly.  The  value  of  short  chains  is 
as  follows  :  Best,  Si.,  0.14,  0.16,  0.07,  0.16,  0.14,  0.17,  0.15,  0.16, 
0.10,0.16,0.20,0.17,0.27. 

Phosphorus,  up  to  the  limit  of  ^  per  cent.,  had  not  a  notable  effect 
on  welding.  It  was  lowest  in  iron  0,  which  welded  soundly ;  but 
all  impurities  were  low,  and  welding  power  was  traced  to  the 
reduction  of  the  bar  by  direct  experiment.  The  same  is  true  of  iron 
P.  Omitting  one  course  of  piling  and  hammering  largely  helped  its 
welding  power  (iron  Px).  Iron  P  welded  badly,  not  on  account 
of  its  P.  0.17;  for  iron  B,  with  P.  0.23,  and  iron  D,  with 
P.  0.18,  Avelded  soundly.  Iron  M  had  the  highest  P.,  0.25  (0.21  to 
0.32).  While  its  surfaces  stuck  together  pretty  well,  the  links 
broke  through  the  weld  when  they  were  made  at  a  high  heat,  which 
may  be  accounted  for  by  the  fact  that  phosphorus  increases  fluidity, 
and  hence  capacity  for  oxidation.  The  value  of  short  chains  is  in 
the  following  order:  Best,  P.,  0.23, 0.18,  0.07,  0.20,  0.18,  0.19,  0.17, 
0.19,  0.17,  0.25,  0.15. 

Carbon  notably  affected  welding.  It  ran  as  follows  in  connec- 
tion with  regularly  decreasing  welding  power:  C,  0.02,  0.015,  0.04, 
0.03,  0.03,  0.03,  0.04,  0.04,  0.05,  0.032,  0.04,  0.07,  0.35.    . 

The  weld  steel,  or  steely  iron,  L  (C.  0.35),  when  treated  by  the 
uniform  method  usually  adopted  for  chain-cable  irons,  made  the 
worst  welds.  Iron  K,  with  carbon  so  low  as  0.07,  made  bad  welds, 
although  it  was  otherwise  a  good  average  chain  iron,  with  a  medium 
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amount  of  impurity.  Carbon,  in  a  greater  degree  than  phosphorus, 
promotes  fluidity;  hence,  the  iron  is  "burned"  at  the  ordinary 
welding  temperatures  of  low-carbon  irons. 

Slag  was  highest  (2.26  per  cent.)  in  the  2  in.  bar  of  iron  N,  which 
welded  less  soundly  than  any  other  bar  of  the  same  iron,  and  below 
average  as  compared  with  the  other  irons.  Slag  should  theoretically 
improve  welding,  like  any  flux,  but  its  effects  in  these  experiments 
could  not  be  definitelv  traced. 


THE    EFFECTS    OF    REDUCTION    FROM    PILE   TO    BAR. 

1st.  On  Strength. — Early  in  the  course  of  the  mechanical  tests,  it 
became  evident  that,  although  each  set  of  nine  bars  (1  in.  to  2  in. 
diameter)  from  any  maker,  was  made  of  the  same  material  and  as 
uniformly  as  ordinary  processes  would  allow,  yet  there  was  a  notable 
variation  in  the  physical  characteristics  of  the  different-sized  bars. 
The  tenacity,  elastic  limit,  and  ductility  increased  as  the  diameter 
decreased.  In  fourteen  sets  of  bars  the  strength  per  square  inch  of 
the  1  in.  over  the  2  in.  ran  from  4000  to  7000  lbs.;  and  in  bars 
known  to  have  had  uniiorra  treatment,  it  averaged  5600  lbs.  But 
the  increase  of  strength  was  not  uniform.  In  eight  sets  of  bars  the 
strength  fell  off  at  the  1 J  in.  size. 

An  investigation  of  the  method  of  manufacture  revealed  the 
causes  of  these  phenomena.  The  piles  from  which  the  2  in.,  If  in. 
If  in.,  and  If  in.  bars  were  rolled,  had  the  same  cross  section, 
differing  only  in  length.  The  piles  for  the  IJ  in..  If  in.,  1^  in., 
1^  in.,  and  sometimes  the  1  in.,  were  of  the  same  area,  although 
smaller  than  the  piles  above  mentioned.  The  areas  of  the  piles 
remaining  constant  with  each  set,  while  those  of  the  bars  decreased, 
the  smaller  bars  received  the  most  work  in  the  rolls.  It  was  then 
found  by  numerous  experiments  that  the  tenacity  and  elastic  limit 
of  the  various  bars  of  a  set  increased  just  in  proportion  to  the  decrease 
of  the  percentage  of  the  area  of  the  bar  to  that  of  the  pile. 

In  order  to  determine  if  the  converse  is  true,  another  set  of  ex- 
periments was  undertaken,  and  it  proved  that  by  preserving  a 
uniform  proportion  of  bar  to  pile,  all  the  bars  of  the  series  have 
substantially  the  same  strength  per  square  inch. 

Table  V  gives  two  typical  examples,  selected  from  the  records  of 
the  Board.  That  of  iron  N  shows  the  effect  of  variation  in  the  per- 
centages of  pile  to  bar;  that  of  iron  Fx,  the  effect  of  uniformity.  (See 
also  comparative  effects  of  composition  and  reduction  on  page  22.) 
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Table  V. 


Iron  N,  showing  decrease  of  strength  by 
decrease  of  reduction. 

Iron   Fx,    showing  uniformity   of 
strength  with   uuiloruiity  of  re- 
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The  falling  off  in  the  strength  of  the  1|  in.  bar  of  iron  N  is  also 
obviously  due  to  the  increased  percentage  of  bar  to  pile. 

The  10  X  10  in.  pile  designed  for  the  2  in.  bar  of  iron  Fx  could 
not  be  rolled,  so  that  the  bar  had  less  reduction  and  strength  than 
the  others,  which  all  ran  very  near  the  average,  viz. :  53,400  lbs.  te- 
nacity, and  34,565  lbs.  elastic  limit. 

It  thus  appears  practicable  to  manufacture  a  2  in.  bar  in  such  a 
way  that  it  will  sustain  15,000  lbs.  more  than  will  a  2  in.  bar  of  the 
same  iron  manufactured  in  the  ordinary  way ;  and  it  is  probable  that 
a  4  in.  bar  could  be  strengthened  60,000  lbs.  in  a  similar  manner. 
These  facts  throw  much  definite  light  on  the  frequent  breakage  of 
large  rolled  and  hammered  bars  and  forgings. 

But  as  the  use  of  a  special-sized  pile  for  each  size  of  bar  would  be 
inconvenient  and  costly,  and  would  require  large  additions  to  rolling- 
mill  machinery,  the  practice  is  not  likely  to  become  common.  The 
variation  of  strength  due  to  that  of  reduction  should,  therefore,  be 
taken  into  consideration  in  all  estimates  of  the  strength  of  structures, 
and  in  all  tables  of  strength  and  formulae  for  the  use  of  wrought 
iron.  The  report  of  the  Board  embraces  two  tables  of  the  strength 
of  bars  calculated  Avith  this  allow^ance,  and  also  a  proof  table  for 
chain  cables,  which  is  quite  a  different  table,  and  a  very  much  safer 
one,  than  the  standard  proof  table  of  the  British  Admiralty,  which 
is  now  in  general  use  here  and  elsewhere. 

The  Admiralty  table  assumes  that  the  bars  of  unequal  diameters 
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possess  equal  proportionate  strength,  and  that  iron  fit  for  cables  has 
the  excessively  high  strength  of  60,000  lbs.  per  inch.  The  follow- 
ing are  typical  results  selected  from  many  reported  by  the  Board. 
Three  cables,  five  fathoms  long,  made  from  IJ  in.  iron,  of  good 
quality,  were  subjected  to  the  Admiralty  proof  of  91,800  lbs.  Three 
similar  cables  from  If  in.  iron  received  the  166,500  lbs.  proof.  The 
usual  shop  inspection  did  not  reveal  any  injury;  but  a  magnifying- 
glass  showed  cracks  in  the  crowns  of  fourteen  links.  Eleven  15-fathom 
cables  of  excellent  iron  stretched  (average)  27  in.  under  56  tons  pull; 
35  in.  under  60  tons.  In  one  cable  which  56  tons  had  stretched  25 
in.,  68  tons  (only  12  tons  more)  stretched  56  in.,  or  more  than  double. 
The  Admiralty  test  for  this  size  is  72  tons. 

The  table  of  the  United  States  Board  prescribes  what  their  ex- 
periments have  abundantly  proved,  that  the  tenacity  of  the  2  in.  bar 
should  be  between  48,000  lbs.  and  52,000  lbs.  per  sq.  in.,  and  that 
the  1  in.  bar  should  have  between  53,000  and  57,000  lbs.  tenacity. 
Much  stronger  iron  than  this  makes  worse  cables,  because  it  does  not 
weld  soundly,  and  is  not  adapted  to  resist  sudden  strains. 

2d.  Effect  of  Reduction  on  Welding. — It  is  reasonable  to  suppose 
that  in  a  material  consisting  of  a  bundle  of  fibres,  the  mobility — the 
flowing  capacity — necessary  to  welding  should  be  greater  if  the 
fibres  are  loosely  compacted,  than  if  the  two  surfaces  are  already 
dense  and  hard  ;  although  perfectly  fitted  and  cleaned  surfaces  might 
weld  perfectly,  however  dense.  And  although  we  cannot  trace  the 
effects  of  slag  in  these  experiments,  it  is  obvious  that  enough  of  it 
to  protect  the  surfaces  from  oxidation  and  to  wash  off  any  oxide 
formed  must  be  advantageous.  The  least  worked  iron  should  con- 
tain the  most  slag.  And  the  advantage  of  underworked  iron  would 
probably  be  that  the  slag  would  lie  along  the  fibres  in  small  threads, 
while  in  hard,  and  especially  in  granular  iron,  it  might  lie  in  pockets 
or  in  masses  large  enough  to  seriously  affect  strength. 

The  experiments  prove  that  the  strength  of  the  link,  which  is 
chiefly  dependent  on  welding  power,  as  compared  with  the  strength 
of  the  bar,  was  more  decreased  by  ov^erworking  than  by  any  other 
cause,  excepting  the  high  carbon  in  the  steely  iron  L,  and  the  ex- 
cess of  copper,  phosphorus,  etc.,  in  the  peculiar  iron  M.  The  aver- 
age proportion  of  link  to  bar  in  iron  Px  was  164,  while  in  the 
same  iron  P,  which  had  received  simply  another  piling  and  hammer- 
ing, the  proportion  was  but  154.5. 

The  proportion  of  link  to  bar  in  iron  F  was  163.2,  while  in  the 
same  iron  Fx,  which  had  been  much  more  worked,  it  was  only  154.4. 

The  proportion  of  link  to  bar  in  the  Ig  bar  of  iron  0  was  184, 
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while  the  proportion  in  the  1  in.  bar  of  iron  0  was  bnt  148,  or  80 
per  cent,  of  the  large  bar.  As  iron  0  was  very  uniform  in  compo- 
sition, and  extremely  pure  (C,  0.04 ;  P.,  0.07  ;  Si.,  0.07),  it  is  pretty 
certain  that  this  difference  in  welding  power  was  due  to  reduction. 

The  proportion  of  link  to  bar  in  iron  B,  the  highest  on  the  list, 
was  168.2,  while  the  proportion  in  iron  K,  which  was  next  to  the 
steely  iron  L,  was  141.6,  or  84  per  cent,  of  the  highest  proportion. 
The  difference  in  the  welding  powers  of  irons  B  and  K  was  the  re- 
sultant of  all  causes. 

3d.  Effect  of  Temperature  during  Reduction. — The  strengthening 
effect  of  cold  rolling  is  well  known.  One  experiment  of  this  series 
strikingly  illustrated  the  difference  of  strength  arising  from  mere 
underheating  as  compared  with  slight  overheating.  A  If  in,  bar  of 
iron  F  which  had  4.12  per  cent,  of  the  area  of  the  pile,  had  52,537 
lbs.  tenacity,  and  34,469  lbs.  elastic  limit,  while  a  1|  in.  bar  of  the 
same  iron,  which  had  4.60  per  cent,  of  the  area  of  the  pile  (not  a 
very  different  reduction  from  the  other  bar),  had  but  49,061  lbs. 
tenacity,  and  23,200  lbs,  elastic  limit.  These  differences  were  due 
to  the  1|  in.  bar  being  underheated  and  consequently  rolled  a  little 
"cold,"  while  the  1|  in.  bar  was  a  little  overheated,  bnt  not  "  burnt." 
Such  differences  were  constantly  occurring  during  the  experiments 
at  the  mills. 

WHAT   IS    LEARNED    FROM    CHEMICAL    ANALYSES. 

So  far,  it  may  appear  that  little  of  use  to  the  makers  or  the  users  of 
wrought  iron  has  been  learned.  But  it  should  be  remembered,  as  was 
remarked  at  the  beginning  of  the  paper,  that  all  these 'irons  were 
intended  to  be  as  nearly  as  possible  alike,  and  to  be  adapted  to  the 
peculiar  use  of  chain-cable.  The  makers  generally  understood  the 
necessary  conditions,  and  every  effort  was  made  to  reach  this  special 
standard  of  excellence.  Had  it  been  reached,  the  irons  would  have 
all  been  exactly  alike  in  physical  character,  and  presumably  simi- 
lar, although  not  necessarily  alike  in  chemical  character,  for  certain 
ingredients  may  replace  others  within  limits  Avhich  are  perhaps  nar- 
row. Certainly,  the  attempt  to  make  all  the  irons  conform  to  a  well- 
known  standard  of  quality  was  the  worst  possible  way  to  ascertain 
the  distinctive  effects  of  the  various  altering  ingredients.  In  order 
to  make  this  latter  determination,  one  series  of  irons  should  have 
been  made  as  uniform  as  possible  in  all  ingredients  except  one,  for 
instance,  phosphorus,  and  that  one  should  have  been  varied  as  much 
as  possible.  Another  sei'ies  should  have  been  alike  except  in  silicon, 
,and  so  on,  through  the  list  of  altering  ingredients.     The  series  of 
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tests  which  the  Board  has  undertaken  on  steels  was  devised  upon 
this  principle.  It  was,  however,  thought  best,  after  the  physical 
tests  of  these  irons  were  completed,  to  subject  them  to  analysis,  in 
the  hope  that  some  good  result  would  follow.  This  hope  has  been 
realized  in  an  UTiexpected  and  somewhat  surprising  manner. 

1st.  The  M-ant  of  uniformity  in  the  chemical  composition  of  the 
same  brand  of  iron  is  a  conspicuous  defect  which  is  readily  accounted 
for.  In  iron  M,  silicon  varied  from  0.16  to  0.26;  in  iron  J,  it 
varied  from  0.18  to  0.32.  In  iron  P  (which  had  the  best  average 
qualities),  phosphorus  varied  from  0.09  to  0.25  ;  in  iron  D  it  varied 
from  0.12  to  0.24,  and  in  iron  J  from  0.1 1  to  0.29. 

Starting  with  a  uniform  pig  iron,  the  puddling  process  may  or 
may  not  remove  a  large  amount  of  silicon,  phosphorus  and  carbon, 
according  to  the  temperature  and  agitation  of  the  bath,  the  "fix" 
used  in  the  furnace,  and  from  many  causes  under  the  pnddler's  con- 
trol, and  dependent  on  his  knowledge  and  skill. 

Such  variations  would  be  entirely  inadmissible  in  the  most  com- 
mon grades  of  steel ;  in  fact,  they  could  not  occur  in  the  cheap  steel 
processes,  when  using  a  uniform  pig  iron,  except  by  a  special  effort. 
In  the  Bessemer  process,  the  completion  of  the  oxidation  of  silicon 
and  carbon  is  obvious  to  the  inexpert  observer;  in  the  open-hearth 
process,  unmistakable  tests  are  taken  during  the  operation.  The 
character  of  steel  can  be  surely  predicated  on  the  analysis  of  its 
materials;  that  of  wrought  iron  is  altered  by  subtle  and  unobserved 
causes.  Should  it  be  urged  in  favor  of  wrought  iron,  that  P.  can 
be  largely  removed  during  its  manufacture,  while  in  the  steel  man- 
ufacture it  cannot  be,  it  may  be  answered  that  there  is  an  abundance 
of  pig  irons  which  do  not  contain  much  P.;  and  it  is  better  to  be 
sure  of  a  definite  amount  of  a  deleterious  ingredient  than  to  run  the 
risk. of  a  variable  amount. 

We  are  not  prepared  to  show  the  exact  effect  of  varying  reduction 
on  steel.  Ingots  of  the  same  grade  of  steel,  from  6  in.  square  to  14 
in.  square,  are  employed  for  the  same  sized  bars ;  the  larger  ones 
are  preferred,  notwithstanding  the  greater  cost  of  working  them, 
not  because  small  ingots  will  not  make  good  bars,  but  because  they 
make  too  much  scrap.  Steel  depends  comparatively  slightly  on 
condensation  for  its  density,  but  very  greatly  on  its  being  cast  from 
a  fluid  state.  It  is  a  crystalline  mass  in  both  large  and  small 
ingots,  and  not  a  bundle  of  fibres  of  iron  more  or  less  compacted. 

2d.  This  matter  of  varying  strength  due  to  varying  reduction — 
the  most  important  developed  by  the  series  of  experiments — is  made 
all   the   more  certain   and   usei'ul  by  the  analyses;   for  without  a 
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knowledge  of  the  composition  of  the  bars  and  of  the  specific  effects 
of  different  ingredients,  a  part  of  the  variation  now  traced  to  re- 
duction might  have  been  attributed  to  composition. 

It  may  be  stated  in  general  terms  that  notwithstanding  this 
attempt  at  uniformity,  the  differences  in  reduction  in  the  rolling  mill, 
from  pile  to  bar,  caused  as  much  variation  in  the  physical  qualities 
of  these  irons  as  did  the  differences  in  the  chemical  composition  of  the 
whole  series  of  irons,  excepting  the  steely  iron  L.  The  highest  differ- 
ence in  tenacity,  due  apparently  to  varying  reductions,  is  99G9  lbs. 
per  square  inch.  The  highest  difference  between  the  average  ten- 
sional  resistances  of  all  the  irons  (excepting  the  steely  iron  L),  due 
to  all  causes,  is  but  7109  lbs.  The  following  illustrations  are  more 
in  detail  (see,  also,  foregoing  Table  V) : 

IRON  p. 

Per  sq.  in. 
Tenacity  of  1  in.  bar  (1.74  per  cent,  of  pile)  above  2  in.  (6.98  per  ceot.  of  pile),  .  .  7,935  lbs. 
Elastic  limit      "  "  "  "  "  "  .        .       7,352  lbs. 

lEON  F.— 2d  Lot. 
Tenacity  of  IJ/g  in.  bar  (2.76  per  cent,  of  pile)  over  2  in.  (5.23  percent,  of  pile),      .        .        4,698  lbs. 
Elastic  limit     "  "  "  "  "  "  .        .        3,227  lbs. 

IRON  F.— 3d  Lot. 

Tenacity  of  }^  in.  bar  (l.CO  per  cent,  of  pile)  over  2}^  in.  (6.13  per  cent,  of  pile),  .  .  9,656  lbs. 

"             %      "        (3.68  per  cent,  of  pile)  over  4  in.  (15.70  per  cent,  of  pile),  .  .  7,786  lbs. 

Elastic  limit  of  %  in.  bar    "                  "                  "                  "                  "  .  .  15,045  lbs. 

Tenacity  of  1  in.  bar  (3.14  per  cent,  of  pile),           "                   "                   "  .  .  5,599  lbs. 

IRON  N. 
Tenacity  of  1%  in.  bar  (6.62  per  cent,  of  pile)  above  2  in.  (11.36  per  cent,  of  pile),         .       4,695  lbs. 

IRON  A. 

Tenacity  of  1  in.  bar  (3.14  per  cent,  of  pile)  over  2  in.  (8.72  per  cent,  of  pile),         .       .       3,575  lbs. 

IRON  D. 
Difference  in  pbospboriis  in  1  in.  and  2  in.  bars,  0.05;  other  ingredients  about  alike. 
Tenacity  of  1  in.  bar  over  2  in.  bar 9,969  lbs. 

The  following  are  apparently  results  of  composition  : 

COMPARATIVE  TENACITY. 

Of  iron  highest  in  average  qualities  over  the  one  lowest  in  impurities,  .        .  .  .  3,229  lbs. 

Of  most  tenacious  steely  iron  (carbon  0.28)  over  least  tenacious  (carbon  0.03),  .  .  15.464  lbs. 

Of  an  iron  with  phosphorus  0.25,  over  same  iron  with  phosphorus  0.09,           .  .  .  4,963  lbs. 

3d.  The  variation  of  welding  power  by  reduction,  in  a  greater 
degree  than  by  composition,  has  already  been  shown  in  detail. 
Chemical  analyses  were  necessaiy  to  establish  this  fact. 

4th.  To  the  steel  maker  and  user  it  will  appear  somewhat  re- 
markable that  phosphorus  may  run  up  to  nearly  a  quarter  of  one 
per  cent.,  with  carbon  0.03  and  silicon  0.15,  in  the  best  chain  cable 
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irons,  when  it  is  considered  that  low  tenacity  and  high  ductility  are 
the  essential  features  of  such  irons,  and  that  the  effect  of  this  ingre- 
dient is  to  produce  exactly  opposite  results. 

5th.  The  comparison  of  chemical  and  physical  results  suggests  a 
number  of  experiments  which  would  go  far  to  settle  vexed  questions 
and  improve  the  practice,  especially  with  regard  to  welding. 

(1.)  Regarding  slag,  it  has  been  shown  that  a  larger  amount  is 
sometimes  found  in  a  well-worked  than  in  a  less  reduced  iron,  and 
that  its  effects  are  uncertain.  Experiments  should  be  arranged  to 
show  what  composition  of  slags  will  readily  come  out  of  the  pile  in 
rolling;  whether  2-high  or  3-high  trains  will  best  remove  them, 
and  how  much  and  what  kind  of  slag  affects  strength  and  welding. 
A  stable  oxide  of  iron,  which  would  probably  do  the  most  harm, 
could  be  formed  by  blowing  superheated  steam  upon  red-hot  bars 
before  piling.  It  might  be  proved  that  very  fusible  slags,  or  fluxes, 
should  be  placed  in  the  pile  to  protect  surfaces  from  oxidation  and 
to  wash  away  less  fusible  impurities. 

(2.)  It  has  already  been  suggested  that  special  irons,  having 
respectively  a  certain  ingredient  in  excess  and  the  others  low  and 
uniform,  should  be  made,  in  order  to  ascertain,  in  a  conspicuous 
manner,  the  physical  effects  of  the  various  ingredients. 

(3.)  Referring  to  a  previous  recapitulation  of  remarks  on  weld- 
ing :  The  effects  of  very  different  temperatures  on  irons  varying  in 
composition,  as  compared  with  that  uniformly  high  temperature 
usually  known  as  a  "  welding  heat,"  should  be  much  more  carefully 
ascertained.  And  the  effects,  and  more  especially  the  means  of 
wielding  in  a  non-oxidizing  flame,  where  mobility  of  surfaces  can 
be  got  without  "  burning,"  should  be  made  the  subject  of  elaborate 
experiments.  The  excellent  welding  of  a  heterogeneous  mass  of 
steel  and  iron,  protected  from  oxidation  by  being  placed  in  an  iron 
box  which  will  stand  a  high  heat,  has  been  referred  to.  The  system 
of  gas-welding  by  which  Mr.  Bertram  welded  boilers,  at  Woolwich, 
twenty  years  ago,  has  since  been  in  regular  use  by  the  Butterly  Com- 
pany, in  England,  for  joining  the  members  of  wrought  iron  beams 
of  large  section.  It  should  seem  within  the  power  of  modern  engi- 
neering and  chemistry  to  provide  means  for  the  perfection  in  a  non- 
oxidizing  atmosphere,  of  welds,  like  those  of  ships'  cables  and  bridge 
links,  upon  which  hang  so  many  lives  and  so  much  treasure. 

CONCLUSIONS. 

I.  Although  most  of  the  irons  under  consideration  are  much  alike 
in  composition,  the  hardening  effects  of  phosphorus  and  silicon  can 
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be  traced,  and  that  of  carbon  is  very  obvious.  Phosphorus  up  to 
0.20  per  cent,  does  not  harm  and  probably  improves  irons  contain- 
ing silicon  not  above  0.15,  and  carbon  not  above  0.03.  None  of  the 
ingredients,  except  carbon,  in  the  proportions  present,  seem  to  very 
notably  affect  welding  by  ordinary  methods. 

II.  The  strength  of  wrought  iron  and  its  welding  power  by  ordi- 
nary methods  are  varied  as  much  by  the  amount  of  its  reduction 
in  rolling  as  by  its  ordinary  differences  in  composition.  Uniform 
strength  may  be  promoted  by  uniform  reduction,  but  only  at  such 
increased  cost  of  manufacture  that  the  practice  is  not  likely  to 
obtain.  Therefore,  the  reduced  strength  of  large  bars  made  by 
ordinary  methods  should  be  considered  in  designing  machinery  and 
structures. 

III.  In  accordance  with  these  facts,  the  United  States  Test  Board 
has  shown,  by  trial,  the  unsafety  of  the  Admiralty  proof  tables  for 
chain-cable,  and  has  prepared  new  ones,  and  also  new  tables  of  the 
strength  of  different  sized  bars.  The  Board  has  demonstrated  that 
the  tenacity  of  2  in.  bar  for  chain  cable  should  be  between  48,000 
and  52,000  lbs.  per  square  inch,  and  of  1  in.  bar  between  53,000 
and  57,000  lbs.,  and  that  stronger  irons  than  these  make  worse  cables 
because  they  have  low  ductility  and  welding  power. 

IV.  Chemical  analyses,  made  in  connection  with  physical  tests, 
are  indispensable  to  conclusions  about  either  the  character  or  treat- 
ment of  iron.  In  this  series  of  experiments  the  demonstration  that 
strength  is  dependent  on  reduction  is  made  more  definite  and  useful 
by  the  analyses. 

V.  Analyses  also  prove/hat  the  same  brand  of  wrought  iron  may 
be  heterogeneous  in  composition,  and  they  emphasize  the  previously 
known  fact  that  wrought  iron  making  processes  as  compared  with 
the  cheap  steel  processes  necessarily  give  an  uncertain  character  to 
the  former  material,  while  to  the  latter  the  desired  quality  may  be 
imparted  with  certainty  and  uniformity. 

VI.  The  ordinary  practice  of  welding  is  capable  of  radical  im- 
provement ;  the  fact  has  been  fully  demonstrated  ;  the  means  should 
be  made  the  subject  of  complete  experiments.  The  perfection  of 
means  for  welding  in  a  non-oxidizing  atmosphere  would  seem  to  be 
the  promising  direction  of  improvement. 

The  elaborate  mechanical  tests  made  by  Commander  Beardslee 
have  developed  or  confirmed  other  very  important  principles  re- 
garding the  use  of  wrought  iron,  which  this  paper,  already  too 
long,  cannot  properly  consider.  They  will  appear  in  detail  in  the 
reports  of  the  United  States  Test  Board. 
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THE  MANHATTAN  SALT  JUNE,  AT  GODEBICH,   CANADA. 

BY   OSWALD   J.    HEINRICH,   MINING  ENGINEER. 

(Read  at  the  Anienia  Meeting,  October,  1877.) 

The  deposit  of  rock  salt  along  the  shores  of  Lake  Huron,  in 
Canada,  has  been  brought  before  the  public  during  the  last  six 
months,  in  consequence  of  the  developments  made  by  the  diamond 
drill  at  Goderich.  It  is  likely  to  be  of  more  than  common  interest 
in  the  future,  since  now  actual  operations  have  been  commenced  to 
exploit  the  deposit  and  work  it  by  regular  mining.  The  methods 
of  raining  rock  salt  being  but  little  known  in  this  country,  it  may 
be  of  interest  to  make  a  few  general  remarks  in  regard  to  them  be- 
fore entering  upon  the  description  of  this  new  mining  enterprise. 

According  to  the  conditions  under  which  salt  is  found  in  nature, 
various  methods  have  been  resorted  to,  in  course  of  time,  to  make 
it  available  for  the  human  race.     They  consist  in  : 

A.  Natural  or  solar  evaporation. 

B.  Artificial  evaporation,  either  exclusively  or  in  connection  with 
the  former. 

C.  Mining  the  rock  salt  in  its  natural  state,  and  converting  it  to 
a  marketable  product,  if  need  be,  by  simply  pulverizing  it. 

Without  going  into  the  details  of  the  various  methods  of  making 
salt  available  in  an  economical  point  of  view,  dependent  on  its  degree 
of  purity,  or  on  various  local  influences,  we  cannot  refrain  from 
alluding  to  the  general  principles  which  influence  the  mining  and 
manufacturing  of  salt  in  countries  where  they  have  been  carried  on 
for  hundreds  of  years. 

ECONOMICAL   CONDITIONS    FOR   SUCCESS. 

Salt  being  one  of  the  articles  of  prime  necessity,  and  one  univer- 
sally distributed  throughout  nature,  it  must  always  be  sold  at  a 
comparatively  low  price.  It  would  even  be  quoted  in  the  market 
at  prices  far  below  those  now  ruling,  if  it  were  not  for  the  high 
duties  generally  imposed  upon  it,  for  purposes  of  state  reve- 
nues. But  looking  closer  into  the  subject,  it  will  be  found  that 
this  duty  is  probably  one  of  the  least  oppressive,  although  in  some 
countries  it  exceeds  sixfold  the  cost  of  profitable  production.  To 
produce  the  article  at  the  lowest  possible  cost  requires,  therefore,  a 
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close  investigation  as  to  the  best  methods.  These  will  vary  con- 
siderably according  to  circumstances  and  localities. 

Near  the  seacoast,  or  on  salt  lakes,  in  congenial  climates,  where 
the  surface  is  of  little  value,  the  enormous  sources  of  salt  stored 
away  by  nature  in  a  weak  solution  are  best  made  available  by  the 
solar  process,  except  where  labor  is  cheap,  or  the  country  is  too 
remote  from  general  commerce.  Where,  on  the  contrary,  the  sur- 
face is  valuable,  a  cheap  fuel  can  be  obtained,  and  capital  is  not 
plentiful,  the  solar  process  with  all  its  apparent  advantages  will 
probably  result  in  a  more  costly  manufacture.  Against  its  general 
adaptability  operates  the  comparatively  small  production,  unless 
there  is  a  large  capital  for  arranging  new  plants.  There  is,  in  other 
words,  too  much  dependent  upon  the  weather,  and  the  process  is  not 
capable  of  furnishing  a  large  supply  at  short  notice  without  increas- 
ing the  general  cost  of  production. 

If  deposits  of  salt  are  of  an  impure  nature,  or  lie  at  such  great 
depths  that  the  investment  of  capital  would  involve  too  great  an 
item  in  interest  to  be  added  to  the  cost  of  mining,  the  brine  wells 
will  be  found  to  be  the  cheapest,  if  a  cheap,  or  at  least  a  moderately 
low-priced  fuel  can  be  obtained.  Increase  of  production,  in  this 
instance,  does  not  involve  inordinate  expense,  if  proper  precautions 
have  been  taken,  in  laying  out  the  first  plant,  to  have  ample  pump- 
ing capacity,  since  only  the  evaporating  capacity  has  then  to  be 
increased.  If  new  wells,  however,  have  to  be  sunk  and  fitted  up  to 
supply  a  temporary  demand,  the  cost  would  be  materially  increased. 
Where  the  surface  is  very  valuable  or  thickly  populated,  sinking  of 
the  surface  may  be  another  item  of  expense  in  the  production  in 
the  way  of  claims  for  damages.  It  is  less  within  the  power  of  engi- 
neering to  control  disturbances  at  the  surface,  caused  by  leaching  out 
deposits  at  no  great  depth  below  the  surface,  than  is  the  case  with 
regular  and  skilful  underground  work. 

When  the  rock  salt  is  riot  pure  enough  to  be  used  for  all  ordinary 
purposes,  by  being  simply  ground  fine,  it  will  be  found  more  ad- 
vantageous to  dissolve  the  same  underground  to  a  concentrated 
brine,  and  lift  this  solution,  instead  of  raising  the  rock  salt,  as  it  is 
practiced  in  the  "Sinkworks"  [Sinkwerke). 

The  requirements  of  the  market  have  also  a  decided  influence 
upon  deciding  the  question  how  to  make  salt  deposits  available.  A 
very  large  quantity  of  salt  is  consumed  in  manufacturing,  for  agri- 
cultural purposes,  and  as  an  antiseptic.  A  rock  salt  is  often  ])ure 
enough  foi'  such  purposes,  and  therefore  preferable  to  the  raanufac- 
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tured  salt,  in  consequence  of  its  lesser  solubility  and  lower  cost  of 
production. 

If,  therefore,  large  deposits  of  marketable  rock  salt  exist  within 
reasonable  distance  of  the  surface,  direct  mining  is  to  be  recom- 
mended. It  is  true  that  the  expenditure  of  capital  in  developing 
and  fitting  out  the  mines,  particularly  at  great  depths,  is  consider- 
able, and  this  may  be  still  further  increased  if  water-bearing  strata 
are  met  with  ;  but  this  expenditure  is  largely  counterbalanced  in  the 
long  run  by  the  reduced  cost  of  production.  The  cost  of  production 
can  also  be  more  accurately  and  promptly  estimated  for  a  long  period 
of  time,  since  it  is  less  influenced  by  outside  causes,  as  will  be  shown 
hereafter.  Further,  mechanical  power  being  used  to  reduce  the  salt 
to  marketable  sizes,  it  may  also  be  used  in  the  mines  to  considerable 
extent  for  mining  the  salt. 

The  principal  items,  therefore,  to  be  taken  into  consideration  in 
deciding  the  question  of  obtaining  salt  in  an  economical  point  of 
view  in  a  particular  locality,  are : 

1.  The  magnitude,  accessibility,  and  greater  or  less  purity  of  the 
deposit. 

2.  The  cost  of  fuel,  the  regularity  of  production,  demand,  and 
price. 

3.  The  requirements  of  the  market. 

4.  The  facilities  of  transportation  to  distant  markets, — an  item 
in  all  instances  of  paramount  importance. 

5.  The  available  capital  and  rate  of  interest  upon  the  same. 

A  pure  deposit,  from  which  salt  can  be  obtained  at  a  low  cost, 
suitable  for  most  requirements,  which  is  conveniently  located  for 
an  extensive  market,  with  low  rates  of  transportation,  must  prove 
an  attractive  and  valuable  field  for  the  investment  of  capital. 

Comparing  mining  of  rock  salt  with  mining  of  other  articles  of 
prime  necessity  or  usefulness,  it  can  be  shown  that  its  conservative 
character  gives  it  great  advantages  over  the  wild  and  speculative 
character  of  other  classes  of  mining. 

STATISTICAL   STATEMENTS. 

Statistics  prove  that  a  certain  amount  of  salt  is  indispensable 
for  the  existence  of  mankind.  It  varies  according  to  climates  and 
the  occupations  of  various  nationalities.  The  consumption  is  per 
capita : 

For  the  Norwegians,  35  pounds;  English,  18  pounds;  Italians, 
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Spaniards,  and  Portuguese,  13  to  20  pounds;  Belgians,  17  pounds; 
Swiss,  16  pounds;  French,  14|  pounds  ;  Russians,  14  pounds  ;  Ger- 
mans, 12  to  14  pounds;  Turks,  9  pounds;  Americans,  32  pounds, 
ai.d,  including  manufactures,  even  50  pounds  per  head. 

This  percentage  of  consumption  is  nearly  constant,  and  the  amount 
of  consumption  increases  therefore  in  direct  ratio  with  the  increase 
of  population.  There  is  no  other  substance  known  to  us,  nor  is 
there  any  likelihood  that  any  other  exists,  which  will  take  its  place. 
Whatever,  then,  may  be  the  changes  in  regard  to  the  consumption  of 
other  articles  in  course  of  time,  salt  may  be  taken  as  one  of  almost 
permanent  stability;  its  fluctuations  in  production  being  confined  to 
narrow  limits,  dependent  on  the  greater  or  less  activity  of  manu- 
factures. 

This  may  be  best  proved  by  the  aid  of  statistical  references,  taken 
particularly  during  the  late  years  of  a  prevailing  commercial  and 
financial  crisis  all  over  the  world  almost  unrivalled  in  history.  On 
exaniination  of  the  following  table  (Table  I)  there  is  also  seen 
the  great  difference  in  price  existing  among  the  various  salt-pro- 
ducing countries,  according  to  their  maritime  facilities  and  prices  of 
fuel.  In  both  instances  Great  Britain  has  the  advantage.  The  high 
prices  in  Austria  may  be  referred  to  the  monopoly  by  which  the 
2:overnment  controls  the  manufacture  of  salt.  It  is  also  noticeable 
the  large  amount  of  solar  salt  produced  in  Russia,  which  is  very 
favorably  located  in  certain  departments  for  this  manufacture. 

While  the  constancy  of  price  has  hardly  been  affected  during  a 
period  of  three  years,  including  partially  the  flourishing  years  pre- 
vious to  the  crisis  and  those  immediately  succeeding,  the  production 
has  remained  constant,  and,  in  the  case  of  Great  Britain,  has  even 
increased. 

In  Germany,  for  example,  the  production  of  salt  has  been  increased 
from  425,000  tons  in  1863  to  1,005,000  tons  in  1872,  equal  to  129  per 
cent.  But,  while  the  manufacture  of  brine  salt  has  only  been  doubleu, 
the  raising  of  rock  salt  has  been  quadrupled,  owing,  partially,  to  its 
increased  use  in  the  chemical  arts  and  in  agriculture. 

The  amount  of  salt  exported  from  a  country  favorably  located 
may  be  seen  in  Table  II. 
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Table  I.    Production  of  Salt. 
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1872. 

1873. 

1874. 

Tons 
produced. 

Value  in 
gold. 

Tons 
produced. 

"Value  in 
gold. 

Tons 
produei'd. 

Valiip  in 
gold. 

GREAT   BRITAIN. 

Per  ton 

1,309,497,5 

$3,165,628 
$2.41 

1,785,000 

$4,328,625 
$2.42 

2,306,567 

$5,593,180 

$2.42 

GERMANY. 

1.  Rock  salt 

2.  Evaporatftl  salt 

3.  Potash  salt 

145,.327.5 

3r>S,342 

489,491.8 

$260,237 
2,421,615 
1,317,1-14 

151,952.5 
372,313.1 
450.954.4 

336,883 
2,392,326 
1,055,120 

161,870.5 
406,6065 
429.542.5 

$318,019 

2,.5,55  914 

809,496 

1,003,161.3 

^3,998,996 
$5.21 
$2.69 

975,220 

$3,784,329 
$5.20 
$2.31 

998,319.5 

$3,883,429 
$.5.05 
$188 

AveraKe  of  salt  per  ton. 
Av.  potash  salt  per  ton. 

AUSTRI.4. 

80,457.6 
183,600.3' 
13,945.3 

81.081,7 

lfi8.44n  ::= 
13,607.8 

$3,302,325 

j  7,247,800 

Total  product 

Average 

278,003.2 

263,130 

$40 

RUSSIA. 

1    Rock  salt 



50.563.2 
774,967.6' 

54,630.5 
714,369.8' 

661,871.6 

825,530.8 

769,000.3 

UXITKn  STATES  OF  AMERICA. 

(Taken    from    census    re- 
turns.) 

Production  of  brine  salt... 
Imports  retained 

1850. 

174,354.3 

9!5,540 
267,894.3 

$2,222,745 
1,152,415 
3,375,160' 

1860. 

217.695.6 
133,664.9 
351,360,5 

S2,265,.302 
1.272.490 
3,537,792 

1870. 

314,394.7 

52,671.5 

367,066.2'' 

$4,818,229 

755,328 

5,573,557 

Table  II.    Exports  of  Salt. 


<             GREAT   BRITAIN   TO 

1871. 

1872. 

1873. 

Tons. 

£.  St. 

Tons. 

£.  St. 

Tons. 

£.  St. 

Russia 

1  United  Slates  of  America. 

British  North  America 

British  India 

Various  other  countries.... 

Total  export 

54.181 
183.761 

96  396 
270.012 

288,851 

29,512 
96,S'4 
43,335 
138,432 
159,483 

66,478 

ln4  010 

70,885 

238,863 

223,345 

44,420 
123,347 

39,600 
172,351 
163,453 

84.528 
242,444 

60,539 
222  995 
230,720 

75.116 
249.077 

51,.5f8 
218.613 
194.821 

893,201 

467,596 
10.46  sh. 

753,581 

533.171 
14.14  sh. 

841,226 

789.185 
18.76  sh. 



1  Solar  salt,  30.372  8.  «  Solar  salt,  10,-583.4. 

3  Solar  salt,  586,665.6.  *  Solar  salt,  493,539  4. 

»  Increase  of  price,  $12.6  in  1850;  $10.1  in  1860;  $15.1  in  1870,  owing  to 
high  tariff. 

^  Exclusive  of  salt  manufactured  by  the  Confederate  States,  which  accounts 
for  the  deficiency.  Confederate  States  estimated  at  134,000  tons  ;  total,  501,066 
tons;  average,  $15.1  per  ton. 

VOL.  VI. — 9 


130  THE   MANHATTAN   SALT   MINE 

The  number  of  laborers  employed  in  the  salt  manufacture  in  the 
various  countries  and  those  depending  upon  them  is  seen  in  the  fol- 
lowing statements. 

There  were  employed  in  Germany,  in  1874,  for  raising  rock  salt 
and  potash  salt,  1749  men  for  591,431.5  tons  ;  for  making  brine  salt 
4852  men  for  490,164  tons. 

Prussia,  in  1875,  for  raising  rock  and  potash  salt,  874  men  for 
243,099.8  tons;  for  making  brine  salt,  2425  men  for  331,249.4  tons. 

Austria,  in  1875,  for  raising  rock  salt,  1000  men  for  74,740  tons; 
for  making  brine  salt,  4792  men  for  187,525.3  tons. 

United  States  of  America  in  the  manufacture  of  salt  (from  census 
of  1870),  2953  men,  7  women,  56  children  =  3016  for  44,015.5  tons. 
In  Prussia  the  3299  men  had  7173  relatives  to  support.  In  Austria, 
beside  5792  men,  3013  women  and  children  found  employment. 

Tiie  above  cited  statistics  show  also  how  much  less  manual  labor 
is  required  in  the  mining  of  rock  salt  than  in  the  production  of  the 
same  amount  of  brine  salt,  an  item  of  particular  interest  for  the 
United  States. 

Tliere  are  other  important  features  in  the  mining  of  rock  salt 
which  give  it  great  advantage  over  the  manufacture  of  brine  salt, 
and  also  over  other  kinds  of  mining  in  general. 

When  a  sliaft  in  a  salt  mine  has  been  properly  sunk  and  secured 
against  the  influx  of  water,  there  is  rarely  an  instance,  except  by 
imprudent  mining,  that  any  considerable  expense  for  raising  water 
has  been  incurred.  The  absence  of  noxious  gases,  except  in  very 
rare  instances,  and  the  possibility  of  keeping  open  large  chambers 
without  any  artificial  support  for  almost  any  length  of  time,  makes 
ventilation  and  transportation  simple  and  inexpensive  items  when 
compared  with  other  mines. 

But  one  of  the  most  important  features  to  be  noted  is  that  by 
prudent  and  skilful  management  of  the  underground  work,  a  consid- 
erable stock  of  marketable  material  may  be  kept  on  hand  without 
any  expense  for  storage  or  fear  of  deterioration  in  any  reason- 
able length  of  time.  Such  a  stock  of  material  to  be  kept  ahead  is 
even  a  necessity  in  the  large  deposits,  to  enable  the  workmen,  with- 
out any  other  means,  to  get  at  the  upper  lifts  of  the  stopes  and  work 
them. 

By  judicious  management  the  capacity  of  a  salt  mine,  after  a  short 
space  of  time,  may  therefore  be  increased  materially  at  almost  a  mo- 
ment's notice,  if  only  the  hoisting  capacity  of  the  whole  plant  has  been 
properly  calculated.    In  case  serious  impurities  of  rock  should  be  met 
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with,  it  is  easily  gobbed  up  in  some  of  the  old  galleries,  without  fear 
of  endangering  the  mine  or  causing  future  annoyance  by  rehandling. 

THE    ROCK   SALT    DEPOSIT    AT    GODERICH,    ONT4RIO,    CANADA. 

In  the  liglitof  the  above  general  remarks,  we  will  now  enter  upon 
the  description  of  the  rock  salt  deposit  of  Goderich,  and  give  a 
short  description  of  the  plant  for  the  new  mine  just  started. 

The  town  of  Goderich,  near  which,  within  the  last  twelve  months, 
through  the  energy  of  H.  Y.  Attrill,  proprietor  of  the  property  called 
"The  Oaks,"  the  first  deep  deposit  of  rock  salt  on  this  continent, 
has  been  successfully  and  thoroughly  proved,  is  located  upon  the 
south  side  of  the  River  Maitland,  at  its  entrance  into  Lake  Huron, 
on  its  eastern  shore.  It  is  located  at  the  terminus  of  the  Lake  Shore 
Railroad,  a  branch  of  the  Grand  Trunk  Railway,  terminating  at 
the  harbor  of  Goderich,  in  which  vessels  from  500  to  1000  tons  can 
enter  and  find  secure  shelter.  Its  navigation  is  undisturbed  for  at 
least  six  months  in  the  year,  and  sometimes  as  much  as  seven  and  a 
half  months. 

The  town  of  Goderich  is  a  neat,  healthy  place,  pleasantly  located, 
and  affords  already  good  facilities  for  the  comfort  of  a  thrifty  manu- 
facturing population.    This  for  itself  is  an  object  of  great  importance, 
permitting  a  ready  supply  of  comforts  to  a  laboring  class, — schools,  • 
churches,  and  social  enjoyments, — which  in  many  other  sections  of  i 
the  country  would  first  have  to  be  created  at  considerable  expense. 

From   a  glance  at  the  map  of  America,  it  will  be  seen   at  once 
that  this  comparatively  small  and,  outside  of  its  immediate  neighbor-  i 
hood,  yet  insignificant  village,  has  the  facilities  of  transportation  of 
salt  to  all  the  great  centres  of  trade  in  the  West,  and  even  those  more 
remote,  if  only  the  salt  can  be  raised  cheaply  enough. 

A  territory  of  over  1,000,000  square  miles  extending  from  Quebec 
and  Montreal,  in  Canada,  across  to  Buffalo,  Cleveland,  Indianapolis, 
Quincy,  St.  Joseph,  Omaha,  St.  Paul,  also  along  the  northwestern 
shore  of  Lake  Superior,  with  the  great  Western  metropolis,  Chicago, 
in  its  centre,  inhabited  by  a  thrifty  agricultural  and  manufacturing 
population,  fnay  be  reached  by  water,  either  exclusively  or  in  con- 
nection with  short  lines  of  railroad,  from  this  apparently  unimportant 
village.  Opposite  to  it,  on  the  north  bank  of  the  River  Maitland,  is 
the  situation  of  the  property  called  "  The  Oaks."  the  site  for  the 
Manhattan  salt  mine. 

The  property  itself,  containing  in  all  760  acres  of  land,  stretches 
along  the  beautiful  shore  of  the  lake  for  nearly  one  mile,  and  from 
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east  to  west  down  the  Maitland  River  for  about  one  mile  and  one- 
third.  The  larger  portion  of  it  is  a  splendid  table-land,  at  an  eleva- 
tion of  over  100  feet  above  the  lake  shore.  The  balance  is  formed 
of  rich  meadow-land  along  both  sides  of  the  river.  The  property- 
has  been  highly  improved,  as  well  as  ornamented  in  appearance,  by 
the  energy,  taste,  and  considerable  expenditure  of  the  present  pro- 
prietor. It  combines,  therefore,  the  double  advantage  of  being  a 
beautiful  country  residence  and,  as  now  developed,  a  rich  mineral 
property. 

GEOLOGICAL,   SECTION    OF   THE    DEPOSIT. 

As  stated  in  the  elaborate  report  upon  the  borings  carried  on  and 
completed  on  this  property  by  Professor  T.  Sterry  Hunt,  read  by 
him  before  the  Institute  of  Mining  Engineers,  at  the  February 
meeting,  1877,*  rosk-salt  was  known  to  exist  in  this  neighborhood  as 
early  as  1861  or  '63;  therefore  no  special  reference  to  this  subject 
will  be  made  here.  But  for  the  convenience  of  reference  we  will 
enumerate  again  in  a  more  condensed  form  the  section  of  rocks  pene- 
trated by  the  diamond  drill,  which  for  the  first  time  established  the 
fact  beyond  all  doubt  of  the  existence  of  a  great  salt  deposit  of 
varying  thickness  and  purity  along  the  lake  shore  in  Canada. 


KAME     OP     GROUP 
OP  ROCKS. 


I.  RKCENT  FORMA- 
TION AND  DILU- 
VIAL STRATA. 

56  feet. 


II.    VERMICULAR 
GROUP. 

Principally  dolom- 
ites 301  feet,  5 
inches. 


DESCRIPTION  OF  STRATA. 


Gravel  14  feet;  blue  or  brownish  clay  31  feet; 
boulders  of  various  rock,  litnistoue,  granite, 
trap  and  porphyry  11  feet,  imbedded  in  the 
same  clay.  This  strata  continues  lower  in  the 
new  shaft  where  also  driftwood  has  been  found 
in  the  clay,  in  a  soft  decompo«(>d  state 

Dolomite. — <Jray,  soft,  but  partially  hard  and  po- 
rous  

Limestone. — Piobably  argillaceous, soft  and  joint- 
ed, particularly  in  lower  part,  probably  a  marl. 

Dolnmile. — Alternating  strata  of  lighter  and 
darker  yellowish-gray,  bard,  partially  porous  ; 
at  lb")  feet  some  crystals  of  gyiisum 

Dolomife. — Gray  and  iirownish-gray,  with  darker 
streaks,  mostly  hard  ;  6  feet,  light-gray,  hard 
near  top 

Dolomite. — Similar  colors,  partially  soft  and  shiv- 
ery, saccliariiie,  very  joiuty  

Limestone. — Dark-gray,  porou.s,  containing  cavi- 
ties filled  with  crystals  of  calc  spar 

Dohniiiie. — Mo-tly  dark-gray  and  brownish-gray, 
finely  laminated,  with  darker  streaks,  medium 
hard  and  saccharine 

Do/omiVe.— Softer  and  porous,  partially  saccha- 
rine  

Dnlomile. — Brownish-gray,  very  soft  and  porous. 

Dolomite. — Light-ash  colored  and  yellowish-gray, 
hard,  less  porous 

Dolomite. — Light-gray  and  browuish-gray.sliivery 
and  porous  in  lower  portion 

Dolomite. — Mostly  light-yellowish  and  brownish- 
gray,  soft,  porous,  partially  with  thin-libided 
crystals 

Dolomite. — Harder,  containing  more  thin-bladed 
crystals  and  specks  of  pyrolusite 


THICKNESS 
OF  STRATA. 

TOTAL 

DKPTH  FROM 

SURFACE. 

Feet. 

In. 

Feet. 

In. 

56 

56 

37 

93 

9 

4 

102 

4 

28 

3 

130 

7 

25 

5 

156 

25 

V2 

181 

V2 

2 



183 

V2 

6    ■ 

189 

'A 

12 
15 

ioM 

201 
•  216 

'A 
11 

22 

3)^ 

239 

31^ 

28 

9 

268 

26 

291 

24 

318 

*  Transactions,  Vol.  V,  p.  538. 
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NAME     OF     GROUP 
OP  ROCKS. 


II.    VEEMICULAR 
GROUP. 

Principally  dolorn- 
itfS.  301  feet,  5 
inches. 


III.  FOSSILIFEROUS 
CiKOUP. 

Limestone  and  do- 
lomites, contain- 
ing corals,  ninstly 
Favosiles.   276  ft. 


DESCRIPTION  OF  STRATA. 


THICKNKSS 
OF  STRATA. 


IV.   GYP^IFEROUS 
O  ROUP. 

Dolomites.    242  ft., 
5  incites. 


V.    SALIFEROUS 
MARL   GROUP. 

Marl  and  rock  salt. 
i51  feet. 

1st.  Ben(■^  of  rock  salt. 


2d.  Bench  of  rock  salt. 


3d.  Bench  of  rock  salt. 


j   Feet. 

DoJom-ite. — Dark,  eliocolatp-colored,  bituminous,  i 
haid,  shivery,  saccharine,  partially  porous,  al-  j 
tcrnatinii  witli  more  solid  benches 21 

Do'omite. — Partially   more  porous,  partially  sac-  j 
chavine,  cavernous,  some  parts  strongly  tiitu- 
minous,  at  lower  8  feet  probably  fossiliferons,  | 
contains  pyrolusite 18 

Uvufntune. — Dolomilic,  dark-gray,  fi>s.siliferous...  ]        2 

Dolomite. — Dark-gray,     chocolat  -colored      with 
liijliter  >traia,  some  bituminons,  some  silicious,  i 
fossil  ifiTous  at  toj) 13 

Lhtifstoiie.—iira.y,    mottled,    cavernous,    mostly 

hard,  I'ossililVrous 11 

Doloiiiile  —Dark,  brownish-gray,  hard,  fossilifer 
oils,  containing  calcareous  inclosiires 12 

Dolomite. — Gray  and  brownish-gray,  saccharine, 
))oriMis,  easily  broken,  seamy,  with  stellated 
grciiips  of  bladed  crystals,  finer  grained  at 
bottom,  lossilifi'rous 20 

Lime-'^lone — (iray  and  brownish-gray,  fine  grain- 
ed, containing  decomposed  calcareous  inclos 
vires,  corals  (Favosites)  and  chert 10 

Dolu/iiili: — Hrowuish-gray,  and  darker  gray,  soft, 
cellular,  with  crystals  of  calcareous  spar  and 
coral> 10 

Liine-iloiie. — Gray  and  dark-gray,  fine-graim-d, 
coriiaining  curals 28 

Limesioif. —  l.ight-giay,  with  darker  laininiE, 
haid,  containing  cirals  and  chert,  also  decom- 
jiosed  calcaieous  inclosiires 

Doluiiiilr. — IJght-gray,  fine  grained,  cunlaining 
corals  and  decomposed  calcareous  inclosiires... 

Ltmei-^oiiK.— Gray  and  variegated-biown,coutaiu- 
iiig  corals 19 

Dolomite. — Variigated-brown,  larainaUd,  finely 
granular,  containing  white  chert 18 

Lims.fidhe. — Gray,  laminated,  with  palclies  and 
layers  of  white  chert,  and  carbonaceous  in- 
(•lo.su  res 46 

Dolvmitf. — Light-gray,  finely  laminated,  includ- 
ing white  opaque  chert,  particularly  at  bottom 
oi  strata 39 

Dolnmiie. — Light  and  dark  brownish-gray,  also 
butt-colored,  mostly  bard,  fine  grained,  some 
granular  and  thinly  hnuinated  91 

Dolomite. — Mostly  veiy  dark-gray,  hard,  contain- 
ing casts  of  thin-bladed  cry^Ials,  vertical  and 
oblique  across  the  cores  (probably  originating 
friuii  gypsum),  inlerstratiiied  with  gypsuiu 37 

Dolomite. —  Dark,  brownish-gray, granular,  easily 

broken,  inlerstratified  wilh  gypsum 21 

Dolomite. — Light-gray,  compaci,  partially  hard 
iuterstralitied  with  gypsum 20 

Dolomite. — Giay  and  dark  brownish-gray,  '  im- 
pact, flne-graincd,  interstratifiid  with  gypsum.         31 

i>o/o//i(Vf-.— Dark-gray,  compact,  pariially  hard, 
also  pwrlially  saliferous 41 

^y.r/.— Tolerably  hard,  ixray,  brownish-red  and 
green,  mottled,  partially  saliferous 46 

Dolom.ite. — (iray,  granular 1 

Marl. — Dark,  reddish-brown,  interstratified  with 
dolomit'-,  porous  or  compact  in  texture 73 

Rockxall. — Interstratified  with  dolomite  and  par 
tially  containing  earthy  impurities 30 

Dolomite. — Gray,  finely  laminated,  principally 
poions,  with  seams  of  .salt 24 

il/oW. —  l^ike  the  former  strata 

Rock  salt. — I'artially  colorless  and  transparent, 
but  partially  smoke-colored,  contaminated  by 
rocky  matter,  dolomite 25 

Duhnnite. — Interstratified  with  seams  and  layers 
of  salt 6 

Rork  salt. — Mostly  very  pure,  partially  small  , 
amounts  of  impurities 34 


TOT  At, 

DEPTH  FROM 

SURFACE. 


Feet. 


339 


357 
360 


373 
384 
396 

417 

428 

438 
466 

500 
509 
528 
547 

594 

633 

724 

761 

783 
803 
834 

875 

922 
923 

997 

1027 

1052 
1060 


4  1085 
10  i  1092 
10       1127 
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THICKNESS 
OF  STRATA. 

TOTAL 

DEPTH  FROM 

SURFACE. 

Feet. 

In. 

Feet. 

In. 

4.3 

1170 

4 

1174 

33 

7 

1207 

7 

15 

5 

1223 

7 

1230 

13 

6 

1243 

6 

135 

6 

1379 

6 

1385 

6 

1391 

116 

1507 

10 

1517 

NAME     OF     GROUP 
OF  ROCKS. 


DESCRIPTION  OF  STRATA. 


VI.    ANHYDRITE 
GROUP. 

Mostly  marl,  with 
anhydrite  aud 
some  henchfs  of 
dolomite.  390  ft. 
and  more. 
4th.  Bench  of  rock  salt 


5th.  Bench  ofrocksaU 


(tlh.  Bench  of  rock  salt 


Marl. — Gray,  inclosing  much  red  salt  in  layers 
and  vertical  veins,  also  numerous  thin  heds  of 
dolomite 

Z)o/o»i?'<e.— Granular,  with  layersof grayish-white 
translucent  anhydrite 

Dolomite. — Porous,  interstratified  with  marls,  tra- 
versed by  veins  of  red  tibrous  rock  salt 

Eock  sal/.— White,  hut  partially  impure,  includ- 
ing layers  of  dolomite 

Dolomite. — Porous,  one  foot  granular,  bluish-gray, 
subtrauslucent  anhydrite,  saliferoiis,  two  feet 
dolomite,  four  feet  marl 

Bock  salt. — Clear  white,  partially  impure 

31arl. — Red,  bluish  and  greenish,  banded  and 
variegated,  interstratified  with  reddish  salt  up 
to  two  leet  in  thickness,  thin  layers  of  bluish 
anhydrite  and  reddish  exfoliating  marls 

Bock  salt. — Pure  white,  tran.--hicent 

Dolomite. — Porous,  interstratified  with  thin  lay- 
ers of  bluish  anhydrite 

Marl. — Variegated,  "exfoliating,  soft 

l^o/omi/e.— Dark-aray,     crumbling,     coDtaiuing 

cavities  from  dissolved  salt 

Bottom  of  bore-hole. 


EXTENT    AND    ECONOMICAL    RELATIONS    OF   THE    DEPOSIT. 

On  a  careful  examination  of  the  different  strata  penetrated,  it  may 
be  observed  that  the  different  groups  of  rocks  have  a  practical  bearing 
upon  the  mining.  After  passing  the  strata  of  recent  origin  we  meet 
with  a  series  of  dolomites,  to  a  great  extent  of  a  porous  character, 
soft,  and  occasionally  breaking  easily  into  chips.  From  ob.servations 
collected  from  this  bore-hole  and  the  brine  wells  in  the  neighbor- 
hood, this  formation  down  to  a  depth  of  357  feet  holds  a  good  deal 
of  water,  and  must  therefore  be  fully  .secured  in  any  enterprise  for 
salt  mining.  The  next  series  of  rocks,  consisting  principally  of 
limestones,  present,  on  the  contrary,  a  very  favorable  ground,  com- 
posed of  solid  benches  of  a  very  substantial  rock,  which,  in  its  upper 
portion  (the  limestione  or  dolomite  below  the  vermicular  group), 
would  afford  a  sound  foundation  for  a  column  of  tubbing.  The  fourth 
group  of  rocks,  consisting  also  of  dolomites  interstratified  occasionally 
with  gypsum,  offers  very  favorable  ground  for  sinking,  presenting  in 
its  lower  part  strong  and  tough  roofing  rock  for  the  cover  of  the  marl 
formations  following.  The  marls,  too,  by  their  impervious  character, 
furnish  the  best  protection  to  the  salt  benches  beneath  against  any 
influx  of  water  from  above,  except  when  caused  by  imprudent  min- 
ing. In  this  marl  group  the  first  three  benches  of  rock  salt  are  found. 
While  it  is  true  that  in  the  test  cores  brought  up  by  the  diamond 
drill  a  considerable  quantity  of  impurities  are  noticed,  particularly 
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in  the  first  bench,  yet  it  would  be  more  than  rash  from  the  limited 
space  of  a  hore-hole  2|  inches  in  diameter,  penetrating  through  a 
series  of  rocks,  to  judge  fully  of  the  character  of  thousands  of  square 
yards  in  its  immediate  neighborhood.  Just  as  some  impurities  in 
the  shape  of  interposed  bands  may  be  anticipated  in  the  strata  of 
pure  white  rock  salt,  so  may  we  find  considerable  portions  of  the 
other  benches  in  their  aggregate  thickness  of  25  to  30  feet,  which 
will  offer  profitable  mining  of  the  salt,  even  if  the  salt  after  being 
rained  requires  some  picking,  a  work  which  has  to  be  performed  more 
or  less  in  any  salt  mine  now  in  operation. 

From  the  geological  survey  of  Canada  it  will  be  observed  that  a 
very  extensive  saline  formation  extends  along  the  eastern  shore  of 
Lake  Huron,  in  the  province  of  Ontario.  To  judge  from  various 
borings  this  formation  must  have  an  area  of  several  thousand  square 
miles  east  of  the  shores  of  the  lake,  extending  over  70  miles  north 
and  south,  and  over  30  miles  east  and  west,  its  extent  west  under  the 
lake,  of  course,  not  being  known  at  all  at  present.  This  geologi- 
cal fact  fully  justified  the  expenditure  to  prove  the  thickness  and 
purity  of  the  deposit.  This  great  question  being  now  to  a  large 
extent  solved  by  the  test  bore-hole  put  down  at  Goderich  prior  to 
establishing  a  mine  for  regular  working,  I  feel  some  personal  satis- 
faction in  having  recommended  this  course  to  the  proprietor  several 
years  ago,  in  order  to  assure  permanent  success  to  so  important  an 
enterprise.  But  most  of  the  praise  should  be  given  to  the  bold 
pioneer,  who  did  not  hesitate  to  furnish  the  means  for  the  accom- 
plishment of  this  great  undertaking. 

If  we  now  turn  our  attention  again  to  the  vicinity  of  Goderich, 
or  what  is  the  same,  that  of  the  test  bore-hole  on  the  north  bank  of 
the  Maitland  River,  at  its  entrance  into  Lake  Huron,  we  find  the 
Hawley  well  nearly  572  yards  to  the  south,  with  the  InterKational 
still  further  in  that  direction ;  the  Maitland  and  Goderich  wells 
about  2200  yards  to  the  east,  the  Victoria  and  Dominion  wells  about 
2266  yards  to  the  southeast.  A  territory  of  at  least  260  acres  to 
the  dip  (which  is  southerly),  and  also  in  the  trend  of  the  deposit, 
which  is  nearly  east,  has  been  fully  tested.  Assuming,  as  we  may, 
the  continuation  of  the  deposit  to  extend  to  the  rise,  covering  the 
compact  body  of  land  included  in  the  Manhattan  Salt  Mine  property, 
we  have  about  750  acres  more,  in  all  1010  acres  of  ground,  for  which 
the  existence  of  this  exceedingly  valuable  salt  deposit  is  established 
almost  to  a  mathematical  certainty.  In  this  calculation  the  exten- 
sion of  the  western  trend  under  the  lake  has  not  been  cousidered. 
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although  this  extension  can  hardly  be  doubted.    This,  at  the  same  rate 
as  above,  would  double  the  area  of  explored  ground.     Within  this 
valuable  territory  the  Manhattan  Salt  Mine  has  every  acre  of  its 
property  located,  with  the  further  advantage  of  extending  the  area  of. 
mining  beyond  the  shore  under  the  lake  itself 

From  all  stratigraphical  observations  in  this  section  of  country  no 
great  disturbances  can  be  noticed.  The  course  and  dip  of  the  various 
rocks  seem  to- indicate  a  period  of  considerable  tranquillity  in  its 
history  of  sediments.  Therefore,  except  by  a  thinning  out  of  the 
deposit  at  some  distant  points,  no  fear  need  be  anticipated  of  any 
ruptures — a  matter  of  vast  importance  in  regard  to  mining  in  the 
future. 

Taking  notice  of  the  different  benches  of  salt  as  discovered  in  the 
test  bore-hole,  we  find  in  the  upper  marl  group  97  ft.  11  in.  of  salt 
at  a  depth  of  1127  ft.,  and  in  the  lower  anhydrite  marl  group  34  ft. 
11  in.  at  a  depth  of  1385  ft.,  or  a  total  132  ft.  10  in.  of  rock  salt,  all 
of  which  may  probably  turn  out  to  be  sufficiently  pure  to  be  avail- 
able for  mining  in  course  of  time.  Taking  the  lowest  specific  gravity 
of  this  rock  salt  at  2.125  as  ascertained  by  Prof  Hunt,  allowing 
furthermore  25  per  cent,  of  the  deposit  to  be  lost  in  consequence  of 
various  mineral  impurities,  the  actual  amount  of  pure  rock  salt 
would  then  be  160,444  cubic  yards  per  acre,  equal  to  286,864  tons 
of  2000  lbs.  If  we  only  consider  the  amount  in  the  upper  marl 
group,  at  the  same  rate  of  allowance  it  would  be  118,556  cubic  yards 
or  211,982  tons.  According  to  the  experience  gained  at  the  best 
mines  of  the  kind  in  Europe,  working  at  such  depths,  and  allow- 
ing 35  per  cent,  left  in  the  pillars  for  permanent  security  of  the  sur- 
face, at  least  while  entering  the  mine,  an  acre  of  ground  from  the 
upper  marl  group  only  would  yield  157,788  tons  of  merchantable 
salt  to  be  raised  from  a  depth  of  376  yards. 

Considering  the  economical  advantages  of  this  deposit,  in  the  light 
of  the  fiicts  already  mentioned  in  treating  of  the  manufacture  of  salt 
and  mining  of  rock  salt  in  general,  the  following  conclusions  may 
be*  drawn  : 

1.  We  have  here,  even  within  the  limits  of  this  property,  an 
almost  inexhaustible  deposit  of  jiure  merchantable  rock  salt,  accord- 
ing to  Prof  Hunt,  99.75  per  cent.;  pure  enough  even  fordomestic 
uses. 

2.  The  larger  portion  of  it  lies  at  a  depth  not  exceeding  that  which, 
for  the  last  twenty-five  years,  roc^k  salt  has  been  raised  successfully, 
and  at  highly  remunerative  figures  at  Stassfurt  (367  yds.),  at  Erfurt 
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(400  yds.),  and  Friederichshall  (200  yds.),  in  Germany,  and  at  St. 
Nicolas,  Varanegville,  in  France  (186  yds.). 

3.  The  rock  formations  which  must  be  passed  through  in  sinking 
shafts,  do  not  present  any  unusual  diiliculties  or  those  not  frequently 
met  with  in  deep  mining. 

4.  The  various  benches  of  rock  salt,  except  No,  6,  are  of  such 
thickness  as  will  permit  of  the  most  economical  extraction  of  the  salt, 
in  working  each  bench  independently,  leaving  a  floor  sufficiently 
strong  for  each  series  of  chambers,  though  directly  over  each  other. 

5.  The  facilities  of  water-transportation  in  large  vessels  secures 
moreover  the  best  fuel  at  low  rates  in  return  cargoes  from  Ohio  and 
Pennsylvania,  for  purposes  of  steam-power  for  the  mines,  or  to  evap- 
orate the  solutions  of  the  irapurer  salt,  if  need  be,  to  manufacture 
table  salt. 

6.  No  timber  of  any  consequence  for  mining  is  needed,  which 
otherwise  would  probably  form  an  impediment  to  such  an  enterprise. 

7.  Any  number  of  workmen  may  be  easily  and  promptly  accom- 
modated with  comfort  and  with  the  reasonable  prospect  of  permanent 
work. 

8.  The  works  being  placed  almost  within  stone's  throw  of  vessels, 
carrying  heavy  burdens  of  1000  tons,  are  capable  of  commanding 
immediately  an  extended  market,  with  the  prospect  of  a  still  grander 
future,  presenting  altogether  a  combination  of  circumstances  rarely 
found  in  a  new  kind  of  enterprise  in  this  country. 

According  to  the  last  census  of  the  United  States,  its  pcqmlation  is 
10.7  inhabitants  per  square  mile  including  the  Territories,  or  19.21 
per  square  mile  within  the  States.  Making,  therefore,  an  allowance 
of  say  15  inhabitants  per  square  mile  in  the  territory  of  1,000,000 
square  miles  above  mentioned,  through  which  this  salt  may  be  shipped 
from  Goderich,  at  the  rate  of  32  lbs.  per  capita,  this  population 
would  require  214,285  tons  of  salt  per  annum,  an  assumption  which 
will  not  be  far  wrong,  if  compared  with  the  sales  in  the  Western 
markets. 

There  is  yet  another  important  feature  to  be  taken  into  considera- 
tion. To  produce  salt  from  even  concentrated  brine,  about  three 
times  its  weight  of  water  has  to  be  evaporated.  This  will  require  of 
ordinarily  good  coal  about  0.4  to  0.5  ton  to  produce  1  ton  of  salt 
(or  8  barrels  to  1  ton).  If  wood  is  used,  it  will  require  probably 
from  one-half  to  one  cord  per  ton.  Now,  in  well-conducted  works  the 
proportion,  at  ordinary  rates  of  fuel,  to  all  other  expenditures  would 
be  in  the  proportion  of  5  to  6.     If,  therefore,  the  cost  of  fuel  is  x, 
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the  amount  of  other  expenditures  will  be  j,  exclusive  of  superintend- 
ence and  incidental  expenditures.  Supjiose  now  coal  could  be 
brought  here  at  $3  to  $3.50  per  ton  ;  the  cost  of  manufacturing  one 
ton  of  salt  would  be  $2.20  to  $3.21,  or  for  wood  at  §2.50  it  would 
cost  from  $1.83  to  $2.29  per  ton  (according  to  observations  in 
Goderich,  from  $2.50  to  $3).  It  is  fully  established,  that  in  well- 
conducted  mines  of  rock  salt,  working  favorable  deposits  of  pure 
salt,  the  cost  of  mining  the  same,  and  preparing  it  for  market,  is 
only  one-third  to  one-fourth  of  the  cost  of  making  it  fi'om  concen- 
trated brine.  Therefore,  at  the  same  ratio  of  labor  in  a  given  sec- 
tion of  country  as  stated  here,  the  salt  might  be  mined  for  $0.75 
to  $1  per  ton  (exclusive  of  interest  upon  investment),  ground  ready 
for  market,  and  of  an  almost  chemical  ])urity. 

It  is  thus  shown  that  while,  at  the  |)rcsent  rates  of  fuel,  in  this 
section  of  countr}',  brine  salt  cannot  be  made  a  profitable  business, 
Ave  may  anticipate  a  bright  future  for  the  mining  of  rock  salt. 

But  there  are  other  manufactures  which  may  follow  such  an  en- 
terprise, if  the  main  raw  material,  rock  salt,  can  be  had  cheap 
enough.  Foremost  amongst  them  are  the  chemical  manufactures, 
particularly  that  of  soda.  While  formerly  it  was  necessary  to  estab- 
lish such  manufactures  at  points  where  sulphuric  acid  could  be 
manufactured  readily,  or  otherwise  obtained  at  low  rates,  we  are 
now,  by  the  use  of  the  ammonia  process  for  soda,  partially  independ- 
ent of  such  localities;  this  process  requiring  only  a  pure  limestone, 
pure  rock  salt,  and  moderately  cheap  fuel.  Soda  can  be  manufac- 
tured by  the  above  process  with  a  smaller  capital,  and  at  least  as 
cheaply  as  by  the  acid  process.  Even  if  salt  could  not  be  made 
profitably  at  Goderich  from  brine,  soda  by  the  ammonia  process 
could  even  now  be  made  a  profitable  business. 

The  considerable  amount  of  salt  used  in  tanning,  in  the  chlorina- 
tion  of  ores  of  the  precious  metals,  and  for  other  purposes  in  metal- 
lursrv,  would  create  a  demand  for  the  rock  salt  mined  here. 

DESCRIPTION    OF    PLANT    FOR   THE    NEW    MINE. 

The  proprietor  of  this  property,  after  thoroughly  prospecting 
it,  and  after  a  careful  examination  by  an  expert,  of  all  the  principal 
salt  mines  of  Great  Britain,  France,  and  Germany  resolved  to  de- 
velop tJie  deposit  by  mining,  and  ground  was  broken  this  summer 
on  the  8th  of  August  for  a  shaft  to  reach  the  deposit.  This  circular 
shaft,  10  ft.  6  in.  diameter  in  the  clear,  is  located  close  to  the  river 
bank  and  the  lake  shore,  230  feet  and  140  feet  distant  respectively. 
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It  will  be  carried  clown,  according  to  circumstances,  either  to  1052 
or  1152  feet,  that  is,  to  the  first  or  third  bench  of  rock  salt. 

The  method  of  sinking,  as  soon  as  the  bed  rock  has  been  reached, 
will  be  by  the  long-hole  process  with  the  aid  of  the  diamond  drill. 
After  careftd  consideration  of  all  circumstances,  this  plan  was  adopted 
as  the  one  best  uniting  economy  and  speed  in  sinking,  particularly 
in  a  series  of  strata  where  a  considerable  amount  of  water  may  be 
expected.  From  the  experience  obtained  at  the  salt  wells  sunk  in 
this  immediate  neighborhood,  the  main  water-bearing  strata  appear 
to  be  confined  principally  to  certain  horizons,  and  beyond  these 
horizons  annoyance  from  water  ceases.  These  water-bearing  strata 
are  confined  within  what  has  been  termed  the  vermicular  group  or 
section,  consisting,  to  a  considerable  extent,  of  very  porcnis,  cavern- 
ous rocks,  partially  of  a  very  badly  fissured  or  splintery  dolomite. 
It  is  designed  to  close  the  bore-holes,  when  within  certain  strongly 
water-bearing  horizons,  by  inverted  valves,  closing  from  below  by 
the  pressure  of  the  column,  and  opened  at  times  when  the  sinking 
approaches  them,  similar  to  the  closing  valves  of  such  construc- 
tions as  are  used  to  close  the  last  opening  of  a  dam  to  cut  oif  mine 
waters. 

To  conquer  the  water  ultimately,  when  the  water-bearing  horizons 
have  to  be  passed  to  sink  lower,  a  direct  acting  vertical  Blake's  im- 
proved special  steam  pump  of  24  in.  steam  cylinder,  12  in,  diameter 
water  cylinder,  24  in.  stroke,  calculated  for  a  perpendicular  column  of 
400  feet,  and  of  a  maximum  capacity  of  1200  gallons  per  minute,  has 
been  constructed  for  this  shaft.  In  case  this  should  not  be  sufficient, 
resource  must  be  had  to  additional  drawing  lifts  or  a  lift  of  a  sta- 
tionary bull-pump  to  split  the  column  of  water  at  certain  depths. 
Unfortunately,  the  dimensions  of  the  shaft,  for  reasons  unnecessary  to 
mention,  are  rather  confined,  so  that  some  trouble  may  occur  should 
this  contingency  arise.  To  secure  the  shaft  ultimately  against  tlie 
influx  of  water,  it  is  first  to  be  lined  from  the  surface  to  tlie  bed  rock 
by  a  brick  lining,  four  bricks  thick.  From  this  point  columns  of 
east-iron  tubbing,  from  60  to  100  ft.  high,  as  the  case  may  be,  will 
be  used  as  represented  in  Fig.  2.  Each  ring  will  consist  of  eight  seg- 
ments, 2  ft.  high,  the  thickness  of  the  same  increasing  from  ^  in.  thick 
to  1  ^%  in.  downwards  to  260  feet  accoiding  to  the  depth  of  column. 
They  will  have  smooth-faced  flanges  with  nosing  at  top  and  side, 
the  column  being  wedged  tight  by  wooden  wedges  in  the  original 
method  of  tubbing.  After  a  thorough  examination  of  a  number  of 
such  shafts  in  England  and  on  the  continent  of  Europe,  this  system 
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has  been  found  fully  efficient  for  the  purpose.  In  adopting  this 
system  of  short  columns,  the  influx  of  water  can  be  more  easily 
provided  for  than  when  greater  quantities  have  to  be  lifted  from 
lower  levels.  The  shaft  timbers  are  secured  by  sockets  cast  in  the 
tubbino;.  The  cross  needles  are  studded  against  each  other  to  secure 
the  necessary  rigidity  for  raising  of  materials  at  higher  speed. 


For  the  lower  portion  of  the  shaft  below  the  tubbing,  a  system  of 
supports  has  been  adopted,  which  is  probably  not  quite  as  much 
known  and  appreciated  in  this  country  as  it  might  be.  It  consists 
of  wrought  iron  frames  made  of  channelled  iron  8  in.  high,  bolted 
together  by  joint  plates,  and  supported  by  flat  iron  studs  bolted  to 
the  frames.  In  moderately  wet  ground  the  wooden  lagging  is  re- 
placed by  sheet  iron,  and  the  space  between  it  and  the  shaft  walls 
filled  with  cement.  To  secure  the  lagging  in  a  dry  shaft,  the  staves 
can  be  either  placed  behind  the  iron  sets,  as  usual,  or  the  channelled 
iron  is  provided  with  a  lij)  at  top  and  bottom,  forming  a  kind  of  U- 
shaped  secti(m.  The  sets  are  firndy  wedged  against  the  walls  of  the 
shaft  before  being  lagged  up,  and,  if  need  be,  from  time  to  time,  may 
be  temporarily  or  permanently  supported  upon  bearers  placed  firmly 
in  the  walls  of  the  shaft.  This  system  of  securing  a  shaft  produces 
a  neat  and  substantial  job,  and  has  considerable  advantages  where 
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skilled  miners  cannot  be  readily  obtained.  It  requires  but  very  few 
footings  for  bearings,  and  it  can  all  be  manufactured  to  order  by  the 
skilled  mechanics  at  the  shop,  with  the  application  of  machine  tools. 
For  the  security  of  the  timbers  dividing  the  shaft,  or  for  the  support 
of  the  guide  rods,  iron  stops  are  bolted  between  the  channelled  iron 
at  the  proper  places  (Fig.  1),  and  for  still  further  rigidity  the  same 


studs,  are  used  in  all  the  corners  as  in  the  cast-iron  tubbing.  In 
Germany,  where-  iron  has  already  been  used  for  such  purposes  in  the 
mines  for  a  number  of  years,  the  experience  in  regard  to  cost  has 
been,  that  wherever  replacement  of  timber  is  required  twice  during 
a  given  period  of  time,  iron  supports  are  found  to  be  the  cheapest, 
and  cheaper  even  than  masonry,  for  the  iron  can  be  used  over  again, 
and  always  has  some  value.  In  running  or  heaving  ground  it 
answers  better  than  any  other  kind  of  support,  and  is  therefore  much 
used  now  in  the  coal  mines  of  Germany.  The  shaft  is  divided  into 
two  hoist-chambers  and  one  air-chamber,  bratticed  air-tight.  The 
hoist-chambers  are  fitted  with  b"  x  6"  wooden  guide-rods  to  guide 
the  cages,  which  will  be  provided  with  parachutes  and  safety-hooks. 
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The  cages  will  receive  a  one-ton  car,  and  are  calcnlated  to  be  raised, 
and  the  cars  exchanged  in  oi;e  minute's  time.  The  surface  plant  of 
this  mine,  when  fully  completed,  will  consist  of  (see  accompany- 
ing map) : 

1.  A  shaft-house  and  derrick  or  pit-head,  38  ft.  square,  and  47  ft. 
high  to  axle  of  sheaves,  is  built  of  plain  substantial  timberwork  in 
the  pyramidal  shape,  strongly  braced  and  weatherboarded  throughout. 

2.  An  engine-house,  42  ft.  x  39  ft.  in  the  clear,  19  ft.  high,  built 
of  brick.  It  will  contain  a  double  cylinder  direct-acting  engine,  18 
in.  cylinder,  34  in.  stroke,  supplied  with  link  motion  and  conical 
drum  of  12  ft.  and  7  ft.  6  in.  diameter,  with  a  band  brake.  A 
single  engine  of  the  same  dimensions  for  working  a  Guibal  fan,  12  ft. 
diameter,  connected  with  the  shaft  by  an  underground  archway. 
This  will  also  supply  the  power  for  the  mills  to  grind  the  salt  for  local 
trade,  and  drive  an  endless  rope  to  transport  the  salt  across  the  river 
to  the  harbor,  as  represented  in  the  topographical  sketch  plan.  The 
remainder  of  the  engine-house  is  reserved  for  the  air-compressors 
which  will  be  used  to  run  the  diamond  drills,  and  afterwards,  prob- 
ablv,  the  salt-cuttino-  machines  under»;round. 

3.  A  boiler-house,  34  ft.  6  in.  x  36  ft.  in  the  clear,  21  ft.  high, 
containing  four  flue  boilers  5  ft.  diameter,  16  ft.  long  (68  flues  3  in. 
each),  water  reservoir,  heater,  and  feed-pumps.  This  building  and 
a  chimney,  65  feet  high  from  the  grate,  are  built  of  brick  in  a  sub- 
stantial manner.  Whenever  the  mine  is  ready  to  produce  salt,  the 
follo\vin<r  buildings  are  desiy;ned  to  be  added  : 

4.  A  reservoir-house,  to  dissolve  impure  salt  contaminated  by 
rock,  for  evaporation  and  supply  of  chemical  works,  which  may  be 
added  to  make  soda  by  the  ammonia  process. 

5.  A  mill-house  for  two  pairs  of  breakers  and  four  pairs  of  runners 
to  grind  the  salt  to  the  various  grades  required  for  market,  and  also 
to  grind  the  impure,  particularly  gypsiferous,  salt  for  agricultural 
purposes. 

6.  Two  evaporating-houses,  to  make  salt  by  the  boiling  process 
for  table  use,  if  it  should  be  required. 

7.  A  coal-house,  to  stock  a  supjily  of  fuel  for  the  winter  season. 

8.  A  double  track  bridge,  about  500  feet  long,  to  transport  the 
salt  from  the  mines  to  the  harbor,  and  the  coal  to  the  mines  by 
means  of  endless  ropes. 

9.  The  loading  buid<s,  to  keep  suflUcient  stock  on  hand  to  load 
vessels  at  short  notice.  These  will  be  placed  in  the  northwest  cor- 
ner of  the  harbor. 


No.  1.  Shaft  house  k  Derrick. 

2.  Engine  house. 

3.  Boiler  house. 

4.  Dissolving  reservoir. 

5.  Salt  mill. 

6.  Evaporating  houses. 

7.  Coal  liouse. 

8.  Doable  track  bridge  for  salt 
and  coal  cars. 

9.  Salt  bins. 

10.  Proposed  site  for  Soda  works. 

11.  Boarding  house. 

12.  Powder  magazine. 

13.  Stable. 

14.  Carpenter  shop. 

15.  Blacksmith  shop. 

16.  Storehouse. 

17.  Old  derrick  for  bore-hole. 

18.  Office. 

19.  Museum. 

20.  Proposed  site  for  Boiler  house 
for  Chemical  works. 

21.  Guibalfaa. 
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10.  Chemical  works,  to  make  soda  by  the  ammonia  process.  The 
location  of  these  buildings,  as  also  a  boarding-house  for  thirty  work- 
men, already  built,  will  be  noticed  on  the  map. 

The  shipping  season  in  this  section  of  country  being  only  about 
seven  or  seven  and  a  half  months  in  the  year,  the  capacity  of  the  shaft 
must  be  such  as  to  raise  1200  tons  of  rock  salt  in  twenty-four  hours 
during  the  season.  The  mine  cars  of  a  capacity  of  one  ton  must 
therefore  be  raised  and  exchanged  in  one  minute  from  a  depth,  if 
need  be,  of  1100  feet. 

The  track  of  the  Grand  Trunk  Branch  Railroad,  it  is  ant^c^pated, 
will  be  extended  to  the  bunks  alongside  the  harbor,  so  that  railroad 
transportation  may  be  secured  the  whole  year  round. 

Co'}ielusion. — In  presenting  the  subject  of  this  paper  to  the  Insti- 
tute, I  cannot  refrain  from  calling  particular  attention  to  its  im- 
portance. The  great  increase  in  the  production  of  salt  which  can 
be  noticed  abroad,  and  particularly  that  of  rock  salt  in  several  of  the 
German  States,  show  the  great  advantage  of  mining  it  over  its 
manufacture  from  brine,  except  where  fuel  and  transportation  are 
as  favorable  to  the  latter  manufacture  as  in  England.  The  smaller 
amount  of  manual  labor  needed  in  mining,  as  compared  with  manu- 
facturing from  brine,  particularly  for  the  United  States,  is  also  an 
item  which  recommends  itself  to  notice,  as  docs  also  the  large  amount 
of  salt  still  imported  into  the  United  States.  Various  sections  of 
country  where  salt  is  produced  comparatively  cheaply,  cannot  extend 
their  area  of  supply  for  any  considerable  distance,  owing  to  trans- 
portation charges. 

It  is  a  noteworthy  fact  that  even  now  the  rock  salt  of  Stassfurt  is 
being  introduced  in  some  of  the  Atlantic  States  of  this  continent,  and 
is  there  competing  with  English  salt  for  all  purposes  for  which  it 
can  be  used. 

Attention  should  therefore  be  directed  to  an  investigation  of  these 
points  in  the  United  States  and  Canada,  where  rock  salt  is  likely  to 
exist.  Free  use  ought  to  be  made  of  the  diamond  drill  for  explora- 
tion as  the  quickest,  most  economical,  and  most  reliable  means  to 
obtain  the  necessary  data,  and,  where  circumstances  are  favorable,  the 
mining  of  rock  salt  ought  to  be  introduced  instead  of  the  manufacture 
of  salt  from  brine. 

GoDERiCH,  October  lOlli,  1877. 
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THE  LATE  OPERATIONS  ON  THE  MARIPOSA  ESTATE. 

BY  CHARLES  M.   ROLKER,   E.M.,   RENO,   NEVADA. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

The  Mariposa  estate,  a  grant  made  by  the  Mexican  Government 
to  Juan  B.  Alvarado,  during  the  time  when  California  was  still 
under  the  dominion  of  Mexico,  was  purchased  in  1847  by  J.  C. 
Fremont,  and  the  United  States  patent  issued  to  him  in  1856.  By 
sale,  or  its  equivalent,  money  advanced,  the  property  came  into  the 
hands  of  the  Mariposa  Company,  June  25th,  1863,  and  through  a 
varied  existence  of  work  and  temporary  inactivity,  has  as  yet  been 
kept  as  an  undivided  property,  and  rests  at  present  with  the  Mari- 
posa Land  and  Mining  Company  of  California.  I  pass  over  this 
period  of  15  years  without  giving  the  history  of  the  ups  and  downs 
of  the  estate,  partly  because  it  is  familiar  to  many,  and  also  because 

1  think  in  siich  a  case  this  paper  would  assume  too  much  the  char- 
acter of  a  narrative. 

The  estate  is  situated  in  Mariposa  County,  California,  about  170 
miles  southeast  of  San  Francisco.  It  begins  in  lat.  37°  26'  38" 
north,  and  long.  119°  55'  west,  and  runs  6  miles  north;  thence  6J 
miles  west;  thence  5  miles  northwesterly  towards  the  Merced  River; 
thence  8|  miles  southerly ;  thence  3  miles  easterly;  thence  1  mile 
southerly  ;  thence  2  miles  easterly  ;  thence  2  miles  southerly;  thence 

2  miles  easterly  ;  thence  1  mile  southerly  ;  thence  2  miles  easterly ; 
thence  1  mile  northerly,  and  thence  2  miles  easterly  to  the  place  of 
the  beginning;  embracing  44,387  acres  (70  sq.  miles)  more  or  less. 

To  describe  this  vast  estate  in  detail  as  to  its  full  geology,  its 
numerous  quartz  veins,  its  many  facilities  to  exploit  them  and  work 
them  by  cheap  methods,  would  lead  me  further  than  I  intend  to  go 
at  present,  and  I  will  content  myself  to  describe  the  latest  workings 
of  the  company  and  its  immediate  field  of  operations. 

As  long  ago  as  1860  the  late  Dr.  Adelberg  advised  the  running  of  an 
adit  from  the  northwestern  edge  of  the  estate  at  Benton  Mills  on  the 
INIerced  River.  His  object  was  to  undercut  the  deepest  workings  of 
the  then  paying  mines  on  the  estate — the  Pine  Ti'ee  and  Josephine. 

Following  this  advice,  the  tunnel  known  as  "  River  Tunnel ''  was 
commenced.     Its  entrance  is  in  S.  5,  T.  4,  Sv  R.  17  E.     It  is  run  ia 
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longitudinal  or  parallel  direction  with  the  occurring  veins  as  far  as 
the  tunnel  has  proceeded  ;  also  with  the  more  distant  Pine  Tree  and 
Josephine  veins.  The  tunnel  entrance  is  on  the  north  end  of  Mount 
Bullion,  about  5G0  feet  from  the  Merced  River,  and  at  an  elevation 
of  nearly  100  feet  above  the  river  bed,  or  64  feet  above  the  flume  of 
the  Ada  Mill,  which  flume  carries  the  waters  of  the  river  from  the 
dam  near  by  to  the  air-compressors  adjacent  to  it,  which  supply  air 
to  the  tunnel,  and  motive  power  to  the  drills  employed  in  its  ad- 
vance. The  object  of  this  tunnel  is  the  natural  drainage  of  the  dis- 
tant mines  proved  to  hold  ore,  and  to  cheapen  the  transportation  of 
the  ore  from  these  mines  to  the  Benton  Mills.  These  mills  are  situ- 
ated in  a  naturally  favorable  place,  being  located  on  the  banks  of  the 
Merced  River.  They  utilize  its  waters  as  motive  power,  thus  cheap- 
ening the  cost  of  milling  materially,  which,  in  conjunction  with  the 
lessened  cost  of  drainage,  and  the  doing  away  of  any  hoisting  of 
ores,  and  the  decreased  expense  of  transporting  it  to  the  mills  (then 
via  tunnel  and  cars),  will  allow  the  company,  after  the  completion 
of  this  great  enterprise,  to  treat  its  low-grade  ores.  This  tunnel 
once  completed,  and  the  mines  and  general  affairs  properly  managed, 
there  is  no  reason  to  doubt  but  that  this  estate  can  again  be  put  on 
a  paying  basis.  Without  this  tunnel,  the  Josephine  and  Pine  Tree 
Mines,  I  think,  would  probably  remain  abandoned,  to  judge  from 
the  low  grade  of  ores  which  both  yielded  at  the  time  of  abandon- 
ment. Other  portions  of  the  estate  would  have  to  be  resorted  to, 
f^r  away  from  the  cheap  Benton  Mills,  such  as  Mount  Ophir,  Prince- 
ton, Eclipse,  and  Croesus,  the  latter  two  southeast  of  the  former,  and 
more  or  less  as  yet  of  a  prospective  character,  but  with  excellent 
showings.  The  company  would,  in  this  case,  have  to  use  steam- 
power,  and  when  it  is  also  considered  that  the  older  and  still  gold- 
bearing  mines  of  the  southeast  end  have  been  allowed  to  fill  with 
water  and  their  timbers  allowed  to  decay,  and  that  in  reality  the  old 
work  would  have  to  be  done  over  again,  it  would  appear  that  the 
company  is  pursuing  the  best  thing  it  can  do,  provided  the  stock- 
holders do  not  lose  patience  in  seeing  no  returns  for  the  apparently 
long  period  of  outlays.  I  say  no  returns,  not  from  the  fact  that  I 
think  the  whole  distance  up  to  the  joint  mines  will  be  run  without 
encountering  perhaps  here  and  there  payrock,  but  from  the  fact,  that 
in  such  an  undertaking  the  hope  of  returns  should  not  be  based  on 
uncertainties.  If  any  payrock  should  be  found  before  the  comple- 
tion of  the  tunnel,  it  should  be  accepted  as  a  gift,  but  it  should  not 
be  calculated  upon.     The  stockholder,  made  sanguine  with  hopes 
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about  what  he  may  find  a  few  hundred  feet  ahead,  will,  if  it  does 
not  happen  to  come  true,  lose  courage,  and  if  this  loss  of  enterprising 
spirit  spreads,  it  will  endanger  the  successful  completion  of  the  work 
undertaken. 

As  stated  before,  the  tunnel  entrance  is  made  on  the  northeast 
end  of  Mount  Bullion,  and  the  original  course  laid  out  for  it  is  S. 
52"  32'  E.  This  course  has,  however,  not  been  adhered  to,  though 
nearly  so  for  the  first  1400  feet,  as  will  be  readily  seen  on  iaspecting 
the  map  of  the  tunnel.  (See  Plate  I,  Fig.  1.)  The  tunnel  at  its  en- 
trance stands  in  slate,  which  is  much  broken  up  and  changed,  being 
more  of  a  clay  slate  than  the  true  black  slate.  This  character  of  slate 
is  traceable  for  about  the  first  50  feet,  when  it  commences  gradually 
to  harden  and  assume  the  properties  of  true  slate.  As  the  tunnel 
advances  the  slate  becomes  harder  and  blacker,  and  is  occasionally 
interspersed  with  iron  pyrites.  At  200  feet  a  small  quartz  seam 
crosses  the  tunnel  from  the  west  to  the  east.  This  is  not  marked  on 
the  map,  as  it  is  of  little  account  and  no  value.  At  this  point, 
however,  a  character  of  the  quartz  veins  and  seams  is  developed, 
which  repeats  itself  throughout  the  tunnel  as  far  as  it  has  gone. 
Around  and  near  the  veins  of  quartz,  instead  of  true  slates,  argil- 
laceous and  talcose  slates  and  schists  are  found.  Often,  also,  por- 
tions are  found  approaching  a  serpentine  as  near  as  possible,  or  if 
they  are  not  true  serpentine,  metamorphosed  into  such.  Steatite 
occurs  also  in  places  near  the  vein.     I  shall  recur  to  this  later. 

The  softer  ground  continues  up  to  about  400  feet,  when  again 
some  quartz  is  encountered,  this  time  crossing  from  east  to  west, 
likewise  not  marked  on  the  map.  It  has  been  assumed  that  this 
is  the  same  quartz  seam  met  with  at  200  feet,  and  that  it  has  reversed 
its  course.  I  think  this,  however,  erroneous,  and  believe  it  to  be 
the  quartz,  well  marked,  a  few  feet  to  the  east  of  the  tunnel  entrance. 

Then  as  we  go  along  further,  we  find,  retreating  from  the  quartz, 
the  character  of  the  true  slate  return,  and  it  remains  so  until  we 
reach  the  825  feet  point,  with  the  following  intermediate  changes : 
At  500  feet  the  slate  is  somewhat  coarse  in  texture  but  hard  and 
compact.  It  changes  50  feet  further  to  a  fine-grained  black  slate, 
sprinkled  with  sulphurets,  and  continues  so  up  to  about  670  feet. 
Here  a  number  of  quartz  seams  make  their  apjiearance  for  about  a 
distance  of  50  feet  or  more,  which  all  pass  out  finally  on  the  east 
side  of  the  tunnel.  Then  follow  in  succession  the  finer-grained 
slates  pretty  freely  charged  with  pyrites,  similar  to  the  ones  passed 
through  before. 
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At  625  feet  we  find  the  tunnel  widened  to  11  feet,  nominally, 
while  it  measured  7  feet  by  7  feet  6  inches  high  before. 

At  825  feet  we  again  encounter  a  soft  rock,  as  near  as  possible  a 
talcose  slate,  in  which  here  and  there  are  found  boulders  of  a  harder 
nature,  locally  termed  greenstone.  This  formation  runs  diagonally 
across  the  tunnel.  It  changes  gradually  to  a  real  talcose  slate,  which, 
after  being  cut  through,  discloses  a  narrow  seam  of  quartz  traversing 
the  tunnel,  likewise  diagonally,  under  11°.  At  1050  feet  from  the 
entrance,  the  ground,  before  reaching  the  quartz,  is  exceedingly  soft 
and  heavy,  wet  and  damp,  requiring  strong  timbering  to  keep  it  up. 
It  is  probably  this  ground,  with  the  insignificant  size  of  the  quartz 
seam,  at  the  point  of  intersection  by  the  tunnel  (a  few  inches),  which 
made  Mr.  E.  C.  Burr,  the  former  very  efficient  manager,  attach  less 
importance  to  the  quartz  seam  than  it  deserved.  To  avoid  the 
heavy  ground,  which  would  admit  of  but  slow  progress  on  account 
of  timbering,  I  think  the  west  branch  of  the  tunnel  was  run  with 
the  idea  of  swinging  afterwards  towards  the  course  of  the  original 
tunnel  line  again.  However,  the  exceedingly  hard  and  tough  crys- 
talline slates,  which  here  took  nearly  the  character  of  a  trap,  made 
them  finally  give  this  up,  especially  as  the  diamond  drill  hole  No. 
3  (see  Plate  I,  Fig.  1)  disclosed  the  now  pretty  strong  vein  to  be 
considerably  to  the  east  instead  of  to  the  west,  as  many  supposed. 
The  main  course  of  the  tunnel  was  again  resumed.  Continuing  in 
the  tunnel,  a  rock  was  found  on  the  west  side  or  footwall  of  the  vein, 
which  is  locally  called  greenstone.  I  retain  this  name,  but  shall, 
however,  later  on  recur  to  the  subject. 

This  greenstone  continues  to  form  the  footwall  of  the  quartz  vein, 
as  disclosed  by  diamond  bore  No.  2.  It  is,  however,  a  narrow  belt 
only  at  present.  Passing  on  from  diamond  bore  No.  2,  which  was 
started  in  black  slate,  the  tunnel  continues  to  run  through  black 
slate,  excepting  two  outrunners  of  greenstone,  varying  in  widtii  as 
the  plan  shows.  Up  to  about  the  1273  feet  point,  where  the  dia- 
mond bore  No.  4  was  made,  the  slate  retains  its  true  character. 

In. following  along  diamond  bore  No.  4,  for  a  moment  we  again 
find  the  series  of  quartz  stringers  encountered  in  the  main  tunnel 
near  the  670  feet  point,  and  following  them  on  the  map,  we  again  note 
them  in  diamond  bore  No.  10,  where  some  of  them  have- grown  to 
the  size  of  a  foot  nearly.  The  end  of  bore-hole  No.  4,  as  well  as  No. 
10,  shows  a  rock,  which  according  to  the  local  nomenclature,  would 
be  termed  a  serpentinoid  greenstone.  Paragentic  inferences  should 
lead  me  to  assume,  that  these  quartz  stringers  are  quartz  feeders,  be- 
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longing  to  a  vein  lying  further  east  than  diamond  bore  No.  10 
pierced.  To  cut  this  vein  was  my  object  when  I  ran  this  diamond 
bore,  and  only  the  broken  ground  met  with,  which  wedged  the 
drill,  and  lack  of  time  to  run  a  new  hole  here,  prevented  me  from 
proving  this  vein.  Turning  now  again  to  the  main  tunnel,  near 
the.  1273  feet  point  we  note  the  slate  to  be  harder  and  very  fine- 
grained, tough  and  irregular  to  bhist,  and  this  character  increases 
the  further  west  the  tunnel  runs  from  the  vein.  In  order  to  insure 
quicker  progress  by  entering  softer  ground,  and  to.be  near  the  now 
well-established  quartz  vein,  the  tunnel  was  deflected  east  from  the 
original  tunnel  line  about  the  1450  feet  point,  entering  gradually 
the  softer  slates.  At  1604  feet  a  crosscut  was  run  east  to  strike  the 
vein.  After  passing  through  about  40  feet  of  slate  and  then  through 
20  feet  of  greenstone  the  vein  was  struck,  4  feet  strong,  resting  with 
its  foot  on  talcose  slate  and  dark  serpentine  in  places.  From  here 
a  drift  was  then  run  on  the  vein  in  a  southerly  direction  for  about 
210  feet.  At  present  only  about  30  feet  are  open  to  inspection,  the 
remainder  having  been  allowed  to  cave  in.  The  following  remarks 
about  the  south  drift  and  Vermont  shaft  I  take  from  general  records ;  I 
regret  very  much  that  I  could  examine  neither  personally.  The  vein 
in  the  south  drift  is  varying.  It  is  at  places  nearly  solid,  then  again 
mixed  freely  with  broken  slate  and  filled  with  clay.  Occasionally 
vertical  quartz  bands  run  through  the  vein.  The  whole  showed 
that  the  vein  was  irregular  and  within  reach  of  some  disturbing 
agency.  A  horizontal  fault  filled  with  clay  ran  in  a  southerly  direc- 
tion with  the  drift  for  nearly  half  its  length,  and  this,  no  doubt,  had 
some  influence  on  the  contents  of  the  quartz  there.  In  the  latter 
part  of  the  drift  the  quartz  alternated  with  vertical  slate  bands,  both 
carrying  pyrites  and  occasionally  gold.  The  occurrence  of  au- 
riferous quartz  in  tliis  drift  seems  not  as  yet  to  have  been  general, 
although  good  hand  specimens  are  said  to  have  been  taken  out.  At 
the  commencement  of  the  south  drift  the  Vermont  shaft  was  sunk. 
This  shaft  showed  a  talcose  slate  hanging  wall  with  gouge  for  the 
first  30  feet,  which  then  gave  place  to  the  black  slate,  which  forced 
its  way  to  the  vein,  and  produced  a  bulge  in  it.  The  hang- 
ing wall  seems  to  have  squeezed  the  vein,  out  of  which  the  quartz 
disappeared,  maintaining  only  the  clay  fissure.  At  about  60  feet 
depth,  quartz  stringers  came  in  again,  and  at  72  feet  depth  records 
show  them  to  have  widened  to  12  and  16  inches.  Water  had  been 
coming  in  freely  as  they  descended.  At  a  depth  of  about  75  feet 
sinking  was  desisted  from,  the  water  preventing  further  progress,  the 
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windlass  being  inadequate  to  the  requirements.  The  quartz  had  here 
widened  to  2  feet.  Stoping  south  was  then  conimeneed,  but  soon 
again  abandoned  on  account  of  the  water.  After  this,  overliand 
stoping  was  commenced  at  180  feet  from  the  Vermont  shaft,  and 
the  stopes  raised  to  about  20  feet  above  the  south  drift  roof,  when 
another  pinch  in  the  vein  was  met.  Before  this,  the  vein  had  wid- 
ened to  4  feet.  Assay  records  from  this  portion  show  very  well, 
but  they  cannot  have  been  average  assays,  as  the  mill  only  yielded 
about  $4.50  per  .ton,  as  far  as  I  could  learn. 

Returning  again  to  the  main  tunnel,  we  observe  alternate  passages 
of  greenstone  and  slate  until  we  approach  the  2000  feet  point  from 
where  crosscut  No.  2  was  started.  This  crosscut  after  passing  out  of 
the  slate  enters  greenstone,  which  gradually  shades  off  into  talcose 
slate.  At  90  feet  east  from  the  tunnel  the  vein  was  cut,  standing 
5  feet  thick  and  displaying  a  ribbon-like  structure.  Following 
the  quartz  came  slate  holding  quartz  breccia,  and  then  black  slate. 
Both  here  as  well  as  in  crosscut  No.  1  a  well-defined  gouge  was  no- 
ticed resting  on  talcose  slate.  As  the  main  heading  and  crosscut  No. 
2  were  run  simultaneously,  on  completion  pf  the  latter,  the  former 
had  approached  the  vein,  and  any  extensive  explorations  from  cross- 
cut No.  2  were  desisted  from.  After  cutting  through  greenstone  and 
finally  talcose  slate,  the  main  tunnel  cut  the  vein  at  a  distance  of 
2312  feet  from  the  tunnel  entrance.  The  quartz,  though  mixed  in 
the  beginning  with  slaty  matter,  was  purer  than  any  of  the  quartz 
met  with  before.  It  soon  developed  into  a  well-defined  vein  with 
a  good  gouge  on  footwall.  An  assay  made  by  Mr.  E.  C.  Burr,  of 
the  eastern  portion  of  the  vein,  showed  $11.71  per  ton. 

The  character  of  the  vein  was  ribbon-quartz  in  the  centre,  and  a  pure 
quartz  streak  east  and  westof  it,  showing  free  gold  in  the  pan.  In  order 
to  give  a  more  lucid  idea  of  the  vein  and  its  character  I  have  prepared  a 
horizontal  plan  of  the  vein  for  nearly  the  whole  distance  that  the  main 
tunnel  ran  on  it,  which,  with  its  explanatory  notes,  will  give  a  better 
idea  of  the  vein  than  a  mere  description.  (See  Plate  I,  Fig.  2.)  The 
footwall  is  soft  greenstone,  excepting  intermediate  places  of  talcose 
slate.  The  centre  of  the  vein,  as  a  rule,  exhibits  the  ribbon-like  charac- 
ter, and  next  to  it  is  solid  white  quartz  occasionally  speckled  with  chlo- 
rite, arsenical  pyrites,  and  iron  pyrites.  Covering  this,  follows  a  layer 
of  quartz,  holding  numerous  slate  breccia,  and  in  the  farther  progress 
of  the  tunnel,  the  slate  holds  quartz  fragments  instead  of  the  reverse. 
Very  frequently  bands  of  greenstone  incase  the  quartz  in  the  middle 
or  on  the  western  side  of  the  vein,  which  adds  to  its  banded  appear- 
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ance.  The  later  portion  of  the  vein  from  2470  on,  is  heavily  mixed 
with  black  slate,  and  at  times  the  vein  looks  more  black  than  white. 
All  through  the  first  portion  of  the  vein  small  quantities  of  free  gold 
were  found,  specimen  assays  or  selected  bands  running  often  high.  I 
append  some  of  the  assays  made. 


Feet.    Distance  in  tunnel. 

Value  in  gold. 

Value  in  silver. 

Total. 

By  whom  made. 

2334  Eastern  vein  portion. 

$8.13 

$3  58 

$11.71 

E 

C 

Burr. 

2360  Main  heading. 

33.77 

1.69 

35.46 

J 

.  F; 

[.seller. 

2360  Centre. 

25  32 

1.72 

27  04 

2360  Drillings. 

21.40 

1.77 

23.17 

238-5  Heading. 

48.11 

2.27 

50.38 

2470  Near  footwall. 

13.56 

3.86 

17.42 

2480  Average. 

12  66 

4  11 

16.77 

2490  Average. 

4.25 

3.18 

7.43 

The  mill  product  fell  considerably  short  of  these  figures. 

At  the  2387  feet  point,  I  cut  a  chamber,  with  the  intention  of 
sinking  a  shaft  on  the  vein  for  some  distance,  to  see  if  the  rock 
below  was  not  better  than  the  tunnel  rock.  The  cutting  out  of  the 
chamber  disclosed  the  vein  to  continue  still  beyond  the  tunnel,  as 
marked  on  the  map  of  the  vein.  The  quartz  holding  the  slate  par- 
ticles continued  for  3  feet,  more  or  less,  but  on  testing  by  the  horn- 
spoon  (in  preference  to  fire  assay  for  gold  quartz),  showed  no  gold. 

Overlying  these  3  feet  of  quartz  is  a  narrow  band  of  slate,  gener- 
ally 2  to  3  inches  thick,  marked  (6)  on  the  map  of  the  vein,  on 
which  a  12-inch  layer  of  solid  ribbon-like  quartz  rests,  marked  (c). 
This  is  overlaid  by  12  inches  of  slate,  on  which,  again,  3  feet  of 
quartz  rest  with,  I  may  say,  amygdules  of  slate  scattered  through  it, 
their  average  size  being  about  h  inch  by  I  inch ;  this  jwrtion  is  marked 
(e).  The  vein  terminates  with  an  inch  or  two  of  black  powdered 
slate  gouge,  after  which  the  solid  hanging  slate  comes. 

On  testing  the  ribbon-like  quartz  by  the  horn-spoon,  I  obtained 
quite  a  lively  color  of  gold.  To  test  this  portion,  however,  more 
thoroughly,  I  took  about  35  lbs.  of  an  average  sample  from  this 
ribbon  quartz,  and,  after  passing  it  through  a  60  sieve,  worked  it 
all  by  the  horn-spoon.  The  remaining  gold  I  collected  with  mer- 
cury, which  I  afterwards  retorted,  and  the  gold  I  obtained,  referred 
to  the  ton,  amounted  to  a  little  more  than  $9.00.  I  prefer  this 
method  of  assaying  the  gold  ores,  as  coming  nearer  to  practical  mill 
results. 

The  shaft,  however,  was  not  sunk,  as  the  financial  embarrassment 
of  the  company  overtook  us  the  very  day  the  drill  was  pointed  down- 


152 


THE    LATE   OPERATIONS    ON    THE    MARIPOSA    ESTATE. 


wards.  The  dip  of  the  vein  at  this  point  is  64°  05'.  Elevations  of 
the  vein  at  the  2470  and  2480  points,  I  append  on  account  of  the 
assay  results  obtained  here.  (See  Plate  I,  Fig.  2.)  At  2400  and 
2450,  an  upraise  in  the  v^ein  proved  to  be  of  little  importance,  and 
was  soon  abandoned.  I  should  say  this  point  was  badly  chosen,  for, 
just  here,  a  fault  filled  with  decomposed  quartz  and  clay  sets  in  and 
across  the  vein  from  the  footwall. 

At  the  2529  feet  point,  the  footwall  of  the  vein  is  talcose  slate; 
at  2583^,  the  talcose  slates  shade  off  gradually  into  the  greenstone. 
After  the  vein  leaves  the  tunnel,  it  becomes  again  dryer,  and  after 
passing  two  quartz  feeders,  follows  on  through  black  slate,  inter- 
cepting between  2950  and  3020  a  few  greenstone  stringers.  The 
slate  here  was  variable^  changing  frequently  to  the  hard  trap-like 
slate.  (See  Fig.  3.)  About  3043,  the  final  greenstone  out-runners 
again  come  in  from  the  east,  which  are  soon  pressed  out  in  wedge 
shape  by  the  following  schistose  rock  assuming  locally  a  west- 
ern pitch,  instead  of  an  eastern  one,  as  the  country  rock  generally 
has.  On  finding  the  tunnel  again  close  to  the  vein,  by  diamond 
bore  11,  the  tunnel  was  swung  parallel  to  the  course  of  the  vein,  as 
it  did  not  pay  to  run  on  the  vein,  since  the  latter  contained  its  gold 
only  in  sulphurets  of  iron.     I  affix  some  assays  of  diamond  bores. 


DIAMOND  BORES. 

DISTANCE. 

GOLD  IN 
SULPHURETS. 

GOLD  BY 

HORN-SPOON. 

BY   WHOM 
MADE. 

Diamond  bore,  No.    6 

"             "        "      8 

Feet. 

2724 
2950 
3065 
3010 
3175 

3175 
3175 
3175 

$14.00 
8.60 
8.88 
8.27 
0.60 

4.95 
0.37 
3.26 

179.88 

Traces. 

J.  Fischer. 
C.  M.  Kolker. 

"    10 .* 

"              "        "     12 

"     12 

CONTINUATION   OF  OLD  BORE-HOLES. 

Quartz  as  encomit  f  Old  bore-hole,  No.  12. 
tered  in  succes-^    "        "        "         "    12. 
sion.                       (  "        "        "         "    12. 

Combining  the  last  two  samples,  and  con- 
centrating by  horn-spoon  to  sulphurets, 
they  assayed 

The  last  assay  I  made  to  ascertain  the  richness  of  the  sulphurets, 
which  were  very  heavy  and  in  abundance  at  this  point.  In  bore- 
hole No.  12,  I  also  found  part  of  a  core  of  dark-green  serpentine, 
holding  a  thin  leaf  of  pure  gold,  which  specimen  I  regret- 1  sent  to 
the  eastern  office.  Gold  in  talcose  slate  I  saw  frequently  on  the  es- 
tate, but  this  is  the  only  instance  I  noticed  it  in  the  dark-green  ser- 
pentine. To  test  the  quartz  east  of  the  old  vein,  which  there  showed 
so  poor  (60  cents),  I  ran  diamond  bore  Xo.  13,  which  struck  a  more 
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or  less  solid  5  feet  of  quartz  about  100  feet  east  from  the  tunnel. 
The  qujfi-tz  seams  of  bore  No.  12,  behind  the  vein,  are  evidently 
feeders  to  this  quartz  of  bore  No.  13,  which  was  dark-blue  in  ap- 
pearance, and  showed  specks  of  gold  in  several  instances.  Assays 
of  these  cores  were  not  made,  as  the  works  closed  down  while  the 
drill  was  still  running;.  The  old  vein  has  either  been  run  out  or  has 
been  pinched  locally  to  a  narrow  clay  seam,  at  any  rate,  I  obtained 
nothing  but  a  seam  of  quartz  at  the  point  where  the  vein  ought  to 


FlP.  3. 


from  lunii(.'l  entrance 


have  been.  Furthermore,  the  dark  serpentine  which  formed  the 
hanging  wall  up  to  3063,  has  given  place  to  what  they  term  locally 
the  coarse  greenstone,  and  only  traces  of  dark  serpentine,  narrow 
bands,  are  found  between  100  and  150  feet  from  tunnel.  The  quartz 
vein  discovered  by  bore  No.  13  is  either  an  entirely  new  one  (an 
eastern  vein),  or  else  it  is  a  side  branch,  and  then  the  best  part  of  the 
main  vein,  which  has  run  off  between  bore  No.  10  and  bore  No.  12. 

Returning  now  to  the  main  tunnel,  I  append  an  interesting  sketch 
of  the  tunnel  face  at  3091.  (See  Fig.  4.)  It  shows  the  change  of 
the  compact  greenstone  to  the  talcose  schist  and  the  dark  serpentine, 
on  the  joining  of  the  former  with  the  black  slate. 

Further  on,  the  tunnel  face  continues  in  black  slate,  changing,  off 
and  on,  into  trap  slate  and  vice  versa.  The  total  length  of  the  tunnel 
when  the  work  stopped  w^as  3331  feet. 

The  boring  in  the  tunnel  was  done  by  the  Burleigh  rock  drills, 
the  tunnel  size,  which  are  attached  to  a  carriage,  arranged  to  mount 
four  drills.  As  motive  power,  compressed  air  was  used,  which  is  fur- 
nished by  a  No.  7  compressor,  and  conducted  from  the  air-tank  to 
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the  drills  by  a  6-inch  pipe.  Water  is  supplied  to  the  drills  through 
a  2-inch  pipe,  from  a  pump  situated  at  the  tunnel  entrance.  This 
water  supply  I  found  adequate  to  the  four  drills  constantly  running, 
and  the  diamond  drill  beside.     To  form  an  accurate  idea  of  the  work 


llliniiiiiiiiiiiiiiiiii. luiiiiiiiriiiriiiiiiiii 


done  by  the  Burleigh  drills,  and  the  repairs  necessary,  I  kept  records 
of  the  8  drills  we  had,  debiting  them  with  the  repairs,  and  crediting 
them  with  the  work  performed,  expressed  in  feet  bored. 
I  here  append  the  credit  'side : 


TUNNEL  SIZE  OF  DRILL. 

1 

2 

Feet. 

573 

284 

96 

11 

73 

3 

4 

Feet. 

385 
199 

5 

6 

7 

8 

Feet. 

435 
41 
223 
144 

Feet. 

584 
114 
399 
172 
33 

Feet. 

267 

15 

304 

343 

Feet. 

110 
55 
88 
168 
374 
315 

Feet. 

156 

134 

11 

Feet. 

257 

56 

504 
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Ventilation  in  the  tunnel  is  effecterl,  in  addition  to  the  escaping 
compressed  air,  by  the  old  Princeton  exhaust  fon,  which,  after  I 
encased  it  and  put  a  stack  on  it,  does  the  work  admirably  well,  al- 
though it  was  officially  condemned  as  insufficient,  and  a  new  Baker 
blower  ordered  before  I  came  to  the  estate.  The  exhaust  pipe  is  11 
inches  in  diameter,  and  made  of  common  sheet  iron,  instead  of  gal- 
vanized iron.  I  kept  this  exhaust  pipe  always  about  400  feet  from 
the  heading,  where  I  found  it  cleared  the  tunnel  most  effectively. 

Blasting  is  done  by  Hercules  powder,  and  the  centre  cut  system 
is  employed.     The  local  procedure  is  as  follows: 

In  blasting  the  face  of  the  tunnel,  30  holes  are  bored  from  5  to 


0 

o 

o 

0 

o 

°2 

o 

o 

o 

o 

0 

o 

0 

o 
o 

o 

0 

o 

0 

o 

o 

o 

o 

o 

0 

0 

°1 

o 

o 

o 

6|  feet  deep,  according  to  the  nature  of  the  ground,  12  holes  in  two 
straight  lines  forming  the  centre  cut  and  nine  on  each  side. 

The  centre  cut  is  always  charged  with  the  stronger,  No.  1,  powder, 
excepting  holes  1  and  2,  which  are  charged  with  No.  2,  and  so  are 
also  the  first  bottom  side-holes  charged  with  No.  1,  they  having  to 
lift  a  considerable  space  of  ground.  Naturally,  the  centre  is  blasted 
first,  and  the  sides  are  brought  down  after  the  cut  has  come  out. 
For  the  side-holes.  No.  2  powder  is  used.  Cut  and  first  side-holes 
are  charged  at  the  same  time;  the  connection  with  the  side-holes  is, 
however,  only  made  after  the  full  cut  has  come  out.  The  holes  are 
fired  with  a  battery,  in  this  case  the  Farmer's  battery.  The  item  of 
reloading  is  often  of  considerable  account  in  this  tunnel,  especially 
when  the  ground  is  knotty  and  the  trap  slate  is  run  through  with 
seams  of  the  greenstone.  In  my  opinion,  it  would  be  well  to  try 
a  stronger  powder  for  this  ground  ;  I  should  like  to  try  the  mica 
blasting  powder  there.  For  reloading,  as  a  rule,  No.  2  powder  is 
used,  and  the  quantity  consumed  in  reloading  with  very  tough,  short, 
breaking,  knotty  ground,  amounts  sometimes  at  the  end  of  the  month 
to  about  four-tenths  of  all  the  No.  2  powder  used.  Let  me  quote 
one  month's  operation : 
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Originally  charged  No.  1  large  bags,*  832.     Used  in  reloading, 


u 

11 

No.  1  .small     " 

70. 

11 

11 

No.  2  lar^e     " 

888. 

11 

11 

No.  2  small     " 

96. 

II 

11 

701  exploders. 

At  another 

Originally 

charged  No.  1  large  bags, 

568. 

" 

" 

No.  1  small     " 

174. 

11 

11 

No.  2  large      " 

785. 

{( 

II 

No   2  small     " 

97. 

II 

11 

676  exploders. 

"  "  "  35  bags. 

"  "  "  871     " 

11  11  II  ]44     11 

"  "  "  295  exploders. 

me. 

Used  in  reloading, 

"  "  "  56  bags, 

II  11  II  437     II 

II  a  11  "^4      II 

"  "  "  290  exploders. 


The  quantity  of  powder  used  per  running  linear  foot  varies  accord- 
ing to  the  nature  of  the  ground ;  but  it  is  always  large,  because  the 
slates,  etc.,  are  attacked  edgeways.  The  average  for  six  months 
amounts  to : 

No.  1  Hercules  powder  per  linear  foot,  5.6  lbs.  to  8.3  lbs. 
No.  2         "  "  "         ■'         "     8.3  lbs.  to  11  2  lbs. 

Consumption  of  exploders  varies  from  7.3  to  9.4  per  linear  foot. 

"         "        "  connecting  wire     "     2  1  ounces  to  3.3  ounces  per  linear  foot. 

"         "        "  steel  "  1.70  to  1.95  lbs.  per  linear  foot. 

I  add  the  different  distances  to  which  the  tunnel  was  driven  at 
different  dates. 


June  to  November,  1874. 

April,  1875 

June  4th,  1875 

July  2d,  1875 

Julv  nth,  1875 

August  3d,  1875 

September  4th,  1875 

October  3d,  1875 

November  21st,  1875. 

December  6th,  1875 

Januarv  1st,  1876 

February  1st,  1876 

March  1st,  1876 

April  1st,  1876 

May  1st,  1876 

June  1st,  1876 

August  1st,  1876 

September  1st,  1876 

September  80th,  1876 

October  31st,  1876 

December  31st,  1876 

January  1st,  1877 

Februarv  1st,  1877 

March  1st,  1877 

April,  1877 

May,  1877 

June,  1877 

July,1877 

August  1st,  1877 

August  4th,  1877 


DISTANCE. 


Feet. 

6^4 
684 
789 
911 
950 
1015 
1100 
1200 
1262 
1013 
1089 
11«5 
1260 
1335 
1455 
1602 
1760 
1892 
2003 
2138 
2297 
2422 
2591 
2708 
2833 
2947 
3085 
3241 
.3311 
3331 


NO.  OF  DRILLS. 


One  drill;  full  shift. 
Two  drills;  full  shift. 


Deflected  West  Branch 


Four  drills  since  January  9tb  ;  full  three  shifts. 
Four  drills  ;  full  three  shifts. 
Four  drills  ;  one  drilling  shift. 


*  A  large  bag  weighs  about  15  ounces;  a  small  bag  weighs  about  8  5 ounces. 
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I  also  add  some  of  my  results  with  the  diamond  drill,  as  it  may- 
be of  interest  to  some  of  the  members.  I  beg  to  state  that  I  am 
convinced  that  the  cost  of  diamonds  would  have  been  less,  and  the 
bore-holes  would  have  been  drilled  in  less  time  and  at  less  expense,  if 
I  had  had  a  proper  supply  of  diamonds  on  hand  from  which  to  select. 
I  also  wish  to  note  a  fact  which  I  have  not  read  elsewhere,  namely, 
in  ground  highlv  charged  with  iron  pyrites  the  diamonds  generally 
crumbled.     It  seems  as  if  it  disintegrated  them  to  some  extent. 

Having  given  a  general  description  of  the  latest  underground 
work,  I  wish  now  to  say  a  few  additional  words  with  regard  to  the 
surface  surroundings. 

A  glance  at  the  general  map  of  the  estate,  which  I  copied  in  its 
outlines  from  a  map  of  Max  Strobel  (see  Fig.  5)  shows  the  occurring 
veins  all  to  have  one  general  course,  that  is,  northwest  to  south- 
east. The  main  cro])pings  appear  to  be  one  continuous  lode,  from 
the  Pine  Tree  and  Josephine,  where  the  vein  is  split  into  two,  to 
Bear  Valley  and  past  it,  along  the  slope  of  the  Bullion  Ridge  to 
Mount  Ophir  and  Princeton,  and  again  in  a  split  condition  further 
on.  They  run  sometimes  apparently  converging  and  then  again 
diverging.  East  of  Princeton  are  the  Mariposa  vein  outcrops,  and 
west  of  Bear  Valley  is  the  Oso  vein  with  its  croppings.  The 
whole  appears  as  a  net  of  quartz  veins,  with  the  main  axis  running 
northwest  and  southeast.  Referring  to  the  map,  we  see  Mount 
Bullion  and  its  ridges  form  the  northeast  boundary,  commencing  on 
the  Merced  River.  The  country  rocks  have  a  similar  trend  to  the  out- 
crops, with  a  general  dip  to  the  northeast.  Referring  to  the  special 
map  of  the  surroundings  of  the  river  tunnel  (Plate  I,  Fig.  6),  we  notice 
on  the  northeast  a  heavy  belt  of  serpentine,  which  rises  with  Mount 
Bullion.  Exposed  at  intermediate  points  up  the  hill,  back  of  the 
Josephine,  it  shows  again  boldly  at  Mount  Ophir,  and  further  south- 
east between  Agua  Fria  and  Mariposa.  Skirting  this  northeast 
serpentine  belt,  as  well  on  the  east  as  on  the  west,  we  see  the  well- 
defined  clay  slates  with  their  thin  edges  marked  out  sharply,  and 
on  the  west  side  the  dark  blue  slates.  This  belt  of  slates  incloses 
the  quartz  veins  and  its  general  trend  follows  the  axis  of  the  valley 
all  through  the  estate. 

Although  in  general  the  quartz  veins  correspond  to  the  general 
trend  of  the  slates,  in  detail  they  are  not  always  conformable  with 
them,  as  is  especially  well  defined  near  and  around  the  Princeton 
vein,  where,  as  Prof.  Blake  already  pointed  out  in  1864,  this  vein 
occupies  the  line  of  break  between  two  distinct  bodies  of  slate,  the 
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eastern  ones  varying  in  trend  from  N.  45°  to  90°  W.  The  western 
ones  abut  against  the  outcrop  of  the  vein,  "  as  arcs  of  a  circle  do 
against  their  respective  chords." 

Prof.  Blake,  who  examined  especially  the  middle  portion  of  the 

Fig.  5. 


estate,  including  Princeton  Mine,  made  a  very  interesting  cross 
sectional  examination  of  the  country  in  a  general  northeast  and 
southwest   direction.     I    add   it,  as  it  is  of  general  interest.     The 
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southwestern  end  is  taken  along  Bear  Creek,  the  middle  portion 
across  the  Princeton  vein,  and  the  remainder  along  a  line  nearly 
over  upper  Agua  Fria,  northeastward  to  Mount  Bullion  range. 

Tlie  following  formations  are  represented : 

Coarse  heavy  conglomerates,  metamorphosed. 

Compact  crystalline  slates  (crystalline  cleavage). 

Slaty  conglomerate. 

Argillaceous  slates,  regularly  stratified  (thick  series). 

Sandstones  and  sandy  beds  (thin). 

Princeton  gold  vein. 

Argillaceous  slate  and  quartz  veins. 

Magnesian  rock  and  quartz  vein. 

Argillaceous  slates. 

Slaty  conglomerate. 

Compact  slates. 

Greenstone,  limited  in  extent,  probably  a  raetamorphic  sandstone. 

Sandy  slates  and  sandstones. 

Serpentine  and  magnesian  rocks  (the  northern  extension  of  Buck- 
eye ridge). 

Compact  slates,  crystalline  and  much  changed  in  places  by  metal 
morphism. 

Bullion  Range,  raetamorphic  sandstone  and  heavy  conglomerate, 
the  so-called  "Greenstone." 

This  may  suffice  for  a  general  outline  of  the  geology  of  the  estate, 
and  I  now  recur  to  the  northern  portion,  the  River  Tunnel.  In  the 
special  map  of  the  River  Tunnel's  surroundings,  I  have  made  use 
of  the  original  tunnel  line,  which  has  been  laid  out  by  Mr.  Thomas, 
county  surveyor,  and  taking  this  as  a  basis  and  assuming  it  to  be 
correct,  I  have  connected  with  this  and  laid  down  the  underground 
exposed  quartz  as  determined  by  ray  own  survey,  as  also  the  differ- 
ent and  reticulated  quartz  croppings  of  the  surface.  I  do  not  claim 
absolute  correctness  for  the  mountain  roads  as  put  in,  for  portions  of 
them  are  filled  in  by  guesswork,  as  I  did  not  have  time  to  finish  my 
topographical  survey  owing  to  the  stoppage  in  the  work  of  the 
estate  bv  foreclosure  of  the  Kelly  and  Donohue  mortgage.  A  ques- 
tion which  arises  is:  Which  croppings  correspond  to  the  vein  which 
the  tunnel  has  laid  open?  I  cannot  speak  with  absolute  certainty 
owing  to  the  premature  closing  of  my  survey,  but  1  will  say  that  two 
opinions  arc  generally  advanced  :  the  one  is,  that  the  vein  crops  out 
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at  the  Prospect  Hole  (see  Plate  I,  Fig.  6),  and  thence  runs  up  the 
line  of  croppings  to  the  Queen  Specimen  shaft.  The  other  is,  that 
the  vein  crops  out  at  the  place  marked  old  works,  thence  goes  east- 
erly and  swings  around  in  a  curve  in  the  line  with  the  croppings 
up  to  the  Queen  Specimen  shaft.  I  believe  in  the  latter.  I  regret 
very  much  that  no  office  records  were  taken  of  the  exact  dip  of  the 
vein  in  south  drift  1  and  2,  and  the  raises  which,  with  absolute  eleva- 
tions, would  settle  the  question,  allowing  for  small  variations  in  the 
dip.  In  the  chamber  I  made  the  dip  to  be  64°  05'.  The  shaft  of 
the  Queen  Specimen  Mine,  which  is  an  incline  on  the  vein,  I  made 
to  have  68°  38'  dip.  The  latter  is,  however,  no  indication  of  the 
underground  position  of  the  vein,  for  Mr.  D.  S.  Gourguet,  the  com- 
pany's clerk,  who  mined  in  it  years  ago,  told  me  that  the  vein  had 
been  faulted  abruptly  a  little  over  100  feet  from  the  surface,  and 
that  they  never  found  the  vein  again,  because  they  did  not  search  in 
the  proper  way  for  it.  If,  then,  we  imagine  a  line  drawn  from  the 
old  works  easterly  to  where  the  croppings  swing  westward  towards 
the  Queen  Specimen  shaft,  and  compare  it  with  the  curvature  of  the 
vein  underground,  we  will  see  that  both  curves  nearly  correspond. 
If  we  presume  that  the  Prospect  Hole  shows  the  vein,  and  that  it 
runs  from  there  straight  to  the  final  curvature  of  the  vein  croppings 
to  the  Queen  Specimen  shaft,  and  take  as  the  starting  cropping  of  the 
vein,  the  croppings  opposite  the  blacksmith  shop  (see  Plate  I,  Fig.  6), 
then  the  continued  course  of  the  underground  vein  will  fall  west  of 
its  croppings  overhead,  which  with  a  vein  of  an  easterly  dip  is  impos- 
sible unless  part  of  the  vein  is  distorted,  which  is  in  reality  not  the 
case.  If  the  Prospect  Hole  shows  the  vein  in  continuation  of  the 
half  curve  towards  Queen  Specimen  shaft,  regardless  of  the  croppings 
mentioned  before  (opposite  the  blacksmith  shop),  then  the  continua- 
tion ofthe  cropping  line  would  cross  the  tunnel  line,  as  originally  laid 
out,  at  nearly  the  same  point  where  the  underground  vein  passes  it. 
In  considering  these  points  I  think  I  am  entitled  to  my  opinion  that 
the  old  Works  are  really  situated  on  the  vein  disclosed  by  the  tunnel 
operations.  This  vein,  I  think,  runs  on  the  surface  towards  Hell's 
Hollow.  Taking  this  then  for  granted,  I  noticed  that  the  croppings 
split  where  the  main  curvature  sets  in  towards  Queen  Specimen  shaft, 
the  split  running  more  easterly  of  what  may  be  called  the  main  vein. 
Going  back  to  the  river,  along  the  Broadhead  Canal,  I  noticed 
two  well-defined  quartz  veins,  which  I  laid  down  ;  they  cut  through 
Mount  Bullion,  out  of  the  belt  of  clay  slates,  into  the  serpentine  belt, 
and  run  again  up  the  hill,  everywhere  plainly  marked,  keeping  east 
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of  the  underground  vein.  The  continuations  I  had  no  time  to  de- 
termine, hence  I  did  not  lay  them  down  on  the  map.  Their  dips  are 
likewise  to  the  northeast,  as  is  that  of  the  worked  vein.  The  accom- 
panying sketch  (Fig.  7)  gives  a  sectional  (probable)  view  across  the  hill 
and  tunnel,  as  determined  by  surface  observation  and  exploration  in 
diamond  bore  No.  10.  The  quartz  veins  spoken  of,  cut  back  of  the 
diamond  drill  road  through  the  serpentine  belt.  Another  interest- 
ing feature  is  a  narrow  bed  of  compact  crystalline  limestone,  which 
is  perfectly  conformable  to  the  surrounding  clay  slates.  This  is  also 
marked  on  the  special  map  with  the  other  quartz  veins.  As  to  the 
question,  whether  the  Pine  Tree  vein  runs  into  the  River  Tunnel 


Old 


Section  along  line  A.  B.  of 
Map  showing  tunnel  surroundings. 


vein,  I  will  say  that  I  think  that  the  Pine  Tree  vein  and  Crown  Point 
croppings  are  one.  It  may  be,  in  fact  it  is  very  likely,  that  the 
Crown  Point  croppings  are  connected  with  the  underground  exposed 
vein  by  a  side  or  companion  fissure,  for  the  whole  of  this  hill  is  sim- 
ply a  network  of  veins,  as  the  surface  croppings  tend  to  show. 

Inspecting  for  a  moment  the  map  of  the  underground  tunnel,  and  of 
the  formation  it  passed  through,  we  notice  formations  marked  green- 
stone. I  do  not  believe  this  to  be  greenstone.  From  the  first  time 
I  saw  it  I  doubted  it,  and  since  then  I  have^  succeeded  in  collecting 
out  of  the  tunnel  alone  a  full  series  of  specimens,  proving  to  me 
the  metamorphosis  of  the  rock.     I  was  very  careful  in  making  this 
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collection,  as  I  was  aware  that  many  expert  mining  engineers  had 
examined  this  estate  before  me,  and  pronounced  it  a  greenstone, 
excepting  Mr.  W.  Ashburner  and  Prof.  Blake,  who,  as  I  mentioned 
before,  call  it  probably  a  metamorphosed  sandstone.  I  consider 
the  rocks  called  greenstones  metamorphosed  schists,  showing  the 
characters  of  hornblende  and  talc  schists.  I  have  gathered  speci- 
mens, which,  to  use  the  local  nomenclature,  are  first,  hard  and  tough 
greenstones,  showing,  in  some  specimens,  the  change  to  the  soft 
ones;  again,  to  the  softer  and  softest  greenstone,  which  to  me  look 
like  a  talcose  schist,  for  want  of  a  better  name.  But  not  alone 
in  the  "greenstones"  do  we  find  metamorphic  action.  The  slates 
change  all  the  way  from  a  traplike-lookiug  gray  slate  to  a  fine  pure 
bluish  soft  black  slate,  widely  different  in  these  end  products,  but 
with  gradual  transitions,  and,  as  I  claim,  with  no  missing  links.  I 
am  satisfied  in  my  mind  that  this  ''eruptive  greenstone"  is  an  illu- 
sion, and  to  me  this  section  shows  unmistakable  evidences  of 
floods  and  sedimentary  origin,  with  equally  lucid  proofs  of  local  and 
high  metamorphosis.  That  portions  of  this  territory  are  sedimen- 
tary is  known  to  all  of  you.  Prof.  Blake  reported,  about  1860,  to 
have  found  a  "Lima"  near  the  Josephine,  which  he  called  "Lima 
Erringtoni,"  in  honor  of  Miss  Errington,  who  called  his  attention  to 
the  fossil  bed.  Prof.  Whitney  reports  fossils  found  on  the  estate  in  his 
"  Report  on  California,"  and  to  this  day  the  company  has  in  its  office 
at  Bear  Valley,  a  large  fossil  oyster,  M^hich  measures,  in  its  present 
broken  state,  8|  inches  in  length  by  6  in  width.  Originally  the 
oyster  must  have  been  10  inches  long.  I  class  this  oyster  as  most 
probably  the  "  Ostrea  Titan  "  of  the  Tertiary.  It  was  found  two  miles 
south  of  Bear  Valley. 

Keno,  Nevada,  February,  1878. 


Note, — Since  the  reading  of  this  paper  in  February  I  have  made 
a  short  visit  to  New  York,  and  took  occasion  to  have  some  micro- 
scopic slides  prepared  by  Mr.  A.  Julien,  from  rocks  kindly  proffered 
by  Dr.  J.  S.  Newberry,  to  whom  I  sent  a  suite  from  the  estate  last 
summer. 

The  microscopic  examination  of  these  rocks  bears  out  fully  what 
I  wrote  last  February.  They  are  metamorphic  beyond  doubt.  The 
rock  taken  from  the  diamond  bore  opposite  the  3175  feet  point  ap- 
pears as  a  talcose  gneiss.     The  quartz  in  this  section  was  distiu- 
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guished,  under  a  low  power,  in  clear  colorless  granules  of  angular 
form,  thus  indicating  a  sedimentary  origin.  The  feldspar  appeared 
in  a  decomposed  condition.  Talc-like  mineral  is  distributed  between 
the  quartz  irregularly,  sometimes  thready. 

The  rock  in  the  footwall  of  vein  about  the  2942  feet  point,  appeared 
as  a  talco-silicious  schist.  It  consists  mainly  of  quartz  and  tremo- 
lite,  with  fibrous  talc  interspersed,  about  3043  to  3048.  The  mi- 
croscope showed  a  talc  schist  to  a  pyritiferous-talco-feldspathic 
schist.  This  latter  section  required  a  power  of  800  diameters  to 
show  the  talc  and  feldspar,  and  occasional  tremolite  blades.  The 
rock  taken  from  the  "  well-marked  greenstone  beds,"  probably  2000 
feet  in  direct  line  east  from  tunnel,  was  shown  up  well  as  an  altered 
hornblende  schist,  holding  mainly  quartz  in  clear,  colorless,  angular 
grains,  and  tremolite  in  scattered  crystals  and  needles,  also  radiating 
groups  of  needles  and  blades.  Altered  hornblende  shows  well,  in 
large-bladed  scales,  with  good  terminations  and  the  characteristic 
cleavage. 

I  take  occasion  to  add  these  results  in  verification  of  what  I  had 
already  asserted,  and  to  convince  those  who  may  have  thought  my 
previous  statement  a  rash  one. 

Nkw  York,  April  19th,  1878. 


FLUXING  SILICIOUS  IRON  ORES. 

BY  T.  F.  WITHERBEE,  PORT  HENRY,  ESSEX  COUNTY,  NEW  YORK. 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

The  subject  of  an  article  in  the  Engineering  and  Mining  Journal 
for  October  13th,  1877,  namely,  Blast  Furnace  Treatment  of  Sili- 
cious  Iron  Ores,  is  of  great  interest  to  myself,  and  doubtless  to 
many  others  who  have  been  troubled  with  a  seemingly  unaccountable 
percentage  of  silicon  in  their  pig  iron. 

It  is  to  be  regretted  that  the  author  of  the  article  did  not  give  us 
complete  details  of  his  charges,  and  thus  prevent  a  possibly  fatal 
error  in  the  very  beginning  of  the  discussion  of  the  points" raised  in 
his  communication.  As  it  now  stands,  I  think  we  will  have  to  fall 
back  upon  the  statement  that,  "every  conceivable  mixture  of  fluxes 
and  ores  (A  and  B)  has  been  used." 

Let  us  first,  in  order  to  simplify  the  calculations,  do  with  the 
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analyses  what  was  doubtless  done  with  the  ores,  i.  e.,  expel  the  water 
and  rearrange  the  figures  accordingly.     We  will  then  have 


Analysis  A. 

Analysis 

A,  less  water,  etc. 

Oxide  of  Iron, 

75.95 

98.41 

Alumina, 

.07 

. 

.09 

Lime,    . 

.16 

.20 

Silica,    . 

.17 

.22 

Phosphoric  Acid, 

.14 

.18 

Sulpliur, 

.69  = 

I  77 

.18 

.88 

Water  and  Organic, 

22.34 

Analysis  B. 

Analysis 

B,  less  water,  etc 

Oxide  of  Iron, 

71.05 

84.34 

Alumina, 

1.82 

2.16 

Lime,    . 

L63 

1.94 

Silica,    . 

8.65 

10.27 

Phosphoric  Acid, 

.046 

.054 

Sulphuric  Acid,     . 

.       1.02  = 

=  84.216 

1.21 

Water  and  Organic, 

10.12 

A  simple  inspection  of  corrected  analysis  A  shows  that  it  is  a 
remarkably  pure  ore,  requiring  no  addition  of  flux  whatever,  with 
the  exception  of  normal  (not  too  acid)  blast-furnace  cinder  in  suffi- 
cient amount  to  insure  a  blanket  for  the  reduced  metal  in  the 
crucible. 

With  ore  B  the  case  is  different,  and  as  the  furnace  w^as  worked 
with  a  mixture  of  the  two  ores,  let  us  assume  that  they  were  used  at 
some  time,  in  equal  proportions,  in  which  case  the  average  compo- 
sition would  be,  omitting  the  iron,  sulphur,  and  phosphorus,  which 
are  of  no  interest  in  calculating  the  flux : 

AlgOg  =  1.125 ;  CaO  =  1.075 ;  SiOg  =  5.245  —  surely  not  a  silici- 
ous  mixture,  if  by  that  term  is  meant  one  uncommonly  high  in  silica. 

The  limestones  when  used  in  equal  amounts,  ^  each,  would  average, 

I  II           III     Ayerage. 

Lime  Carbonate,  89.68  83.78  56.89   76  78  =  43  per  ct.  Lime. 

Magnesia     "           2.60  3  19  10.60     5.46=    2.60  "     Magnesia. 

Silica,                       6.32  11.06  22.40   13.26^=13.26"     Silica, 

which  entitles  it  to  be  called  silicious  rather  than  the  ore. 

Having  had  considerable  experience  in  working  ores  containing 
about  the  same  percentage  of  silica,  and  also  those  containing  as  high 
as  30  to  40  per  cent.,  I  would  suggest  that  the  mixture  A  and  B  be 
fluxed  with  the  limestone  as  above,  according  to  the  following  cal- 
culation, the  cinder  to  contain  5  parts  base  to  4  acid.  For  the  sake 
of  reference  let  us  first  note  the  following  : 
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Monobasic  Cinder.  ■     5  to  4  Cinder. 

1  of  CaO  is  equivalent  to  1.07  Silica,  and  0.86  Silica. 
1  of  MgO         "           "           1  50        "  "     1  20       " 

1  of  AI2O3        "  "  1  74        "  "     1.40       " 

Using  the  values  of  the  fluxes  in  the  5  to  4  ratio,  we  have  for  the 
ore  mixture 


1.125  Al  A  =  1-575  SiO 

1.075  CaO    =    .923     "      ^  —  ^'^^^  ^'^ 


2> 


fluxed  by  the  bases  in  the  ore,  and  5.245—2.498  =  2.1  Al  SiOg  re- 
maining to  be  fluxed  by  the  limestone. 

Applying  the  same  calculation  to  the  limestone  we  find  that  2.60 
MgO  =  3.90  SiOg  and  13.26  total  SiOa  —  3.90=  9.36  SiOg  remain- 
ing, which  requires  11.19  CaO;  so  that  43  CaO—  11.19  =  31.81  of 
available  lime  (=  26.92  SiO^). 

The  2.498  SiOg  remaining  from  the  ore  would  require  2.90  CaO, 
and  we  have  31.81  :  2.90  :  :  100  :  9.12  =  per  cent,  of  limestone  re- 
quired for  the  weight  of  the  roasted  ore  free  from  water  and  organic 
matter,  and  the  pig  ought  not  to  contain  over  1.5  or  2  per  cent,  of 
silicon. 

But  here  we  are  met  by  the  analysis  of  the  iron,  showing. 

Carbon, 3.21 

Silicon,  .         .         .         .         .         .     4.03 

Sulphur,  ......       .06 

Phosphorus, 05 

Now  I  would  like  to  suggest  four  possible  causes  for  the  presence 
of  the  4.03  per  cent,  of  silicon  found,  viz. : 

1st.  Too  high  a  temperature  in  the  upper  pai't  of  the  furnace. 

2d.  Not  enough  lime  used. 

3d.  More  of  the  "B"  ore  and  No.  3  limestone  used  than  is  stated. 

4th.  And  perhaps  the  most  probable — the  several  analyses  were 
not  made  from  average  samples,  in  which  case  the  second  cause 
would  likely  be  present  also. 

The  explanation  given  by  Mr.  Davis  (?*.  e.,  the  presence  of  a  com- 
pound of  silica,  sulphur,  and  iron  difficult  to  break  up)  rests  upon 
high  authority.  An  analysis  of  the  cinder  would  determine  the  cor- 
rectness of  the  second. 

An  inspection  and  comparison  of  the  ore  and  iron  analyses,  how- 
evei^  would  seem  to  assign  the  trouble  to  the  3d  cause,  without 
entirely  precluding  the  4th  ;  for  an  ore  mixture,  such  as  this  cal- 
culation is  based  upon,  would  contain  about  64  per  cent,  of  ii'on, 
and,  allowing  for  the  carbon  3.21  per  cent.,  silicon  4.03  per  cent, 
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sulphur  .06,  and  phosphorus  .05,  the  resulting  pig  iron  would  con- 
tain 92.65  per  cent,  of  iron,  which  would  represent  1.45  ton  of  ore 
mixture  per  ton  of  pig;  but  1.45  per  unit  of  pig  iron  would  contain 
only  7.61  silica,  which  could  only  furnish  3.55  per  cent,  of  silicon  = 
88  per  cent,  of  the  amount  found  by  analysis. 

Again,  the  phosphorus  in  the  mixture  would  amount  to  .10  per 
cent,  in  the  pig  iron  ;  but  as  only  .05  per  cent,  is  found,  this  fact 
would  tend  to  show  that  the  "B"  quality  of  ore  was  mostly  used, 
as  it  is  higher  in  silica  and  lower  in  phosphorus,  thus  accounting  for 
the  quality  of  the  iron  produced. 

Of  course  I  wish  to  be  understood  as  reasoning  entirely  from  the 
data  furnished  by  the  article  in  question,  and  it  is  possible  that  Mr. 
Davis  may  have  figures  that  will  entirely  upset  my  calculations. 
While  in  charge  of  the  Fletcherville  Furnace  I  used  New  Bed  mag- 
netic ore  containing  4.32  to  5  per  cent,  silica,  and  produced  pig  metal 
containing  about  1.119  to  1.5  per  cent,  silicon,  using  as  flux  6  to  8 
per  cent,  limestone  and  blast-furnace  cinder. 

At  one  time  iron  high  in  silicon  was  made  from  the  above 
charging;  owing,  as  analysis  of  the  ore  showed,  to  the  presence 
of  9  per  cent,  of  silica,  where  only  5  was  provided  for,  showing  that 
a  small  amount  of  silica  will  destroy  the  equilibrium. 

It  would  in  no  way  retard  the  solution  of  the  question  to  entirely 
exclude  limestone  No.  3,  which  can  but  little  more  than  flux  itself. 

So  much  for  the  charcoal  part. 

Last  winter  our  Cedar  Point  iron  was  found  to  be  uncommonly 
high  in  silicon,  with  no  apparent  reason,  but  it  was  traced  probably 
to  the  following : 

February  last,  a  hole  was  burned  through  our  lining  (see  sections 
accompanying  paper  on  "A  New  Method  of  Taking  Blast  Furnace 
Sections"  in  this  volume),  and  a  large  quantity  of  the  backing  sand 
ran  into  the  furnace,  causing,  as  may  be  imagined,  considerable 
trouble,  the  engine  blowing  over  18  lbs.  per  square  inch,  and  then 
only  just  passing  the  centres.  As  a  result,  considerable  scrap  accu- 
mulated and  was  used  without  my  knowledge. 

About  this  time  the  iron  was  discovered  to  be  very  weak,  and 
light-colored  in  its  fracture,  though  of  fair  grain.  The  use  of  scrap 
(not  then  known)  increased  the  apparent  yield,  so  that  the  per  cent, 
of  limestone,  in  the  absence  of  an  analysis,  seemed  too  high;  accord- 
ingly less  was  charged,  with  apparently  better  results. 

The  cinder  got  very  much  whiter,  and  had  every  appearance  of 
being  too  basic,  especially  when  granulated  in  water;  finally  the 
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presence  of  silicon  was  suspected,  and  an  analysis  was  made  which 
showed  over  6|  per  cent. 

The  limestone  was  immediately  increased  some  800  lbs.  per  charge, 
and  from  time  to  time  more  was  added  until  the  silicon  was  reduced 
to  about  4  per  cent. 

The  remainder  of  the  blast  is  showj?  on  the  diagram  (Plate  II), 
commencing  with  the  week  ending  April  25th,  1877. 

As  the  whole  trouble  arose  from  neglecting  analysis,  we  com- 
menced to  take  samples  of  every  casting,  April  21st,  making  average 
samples  from  such  each  week,  and  determining  the  silicon,  the  results 
being  shown  in  the  iron  column. 

In  making  the  comparison  between  the  silica  in  the  ore  +  silica 
in  the  flux,  and  the  lime  and  magnesia  in  the  flux,  the  diagram  does 
not  make  the  case  as  plain  as  it  would  if  a  scale  had  been  adopted, 
which  would  have  kept  the  silica  line  closer  to  the  base  line  (lime 
and  magnesia),  and  it  would  also  have  been  better  to  have  taken 
longer  periods  of  time  than  one  week,  as  it  is  very  difficult  to  sep- 
arate one  week's  work  from  another  in  a  large  furnace. 

The  week  ending  June  23d  lacks  the  analysis;  but  from  my  recol- 
lection it  was  about  4  per  cent.,  which  would  seem  to  correspond  well 
with  the  flux  and  silica  lines. 

The  diagram  was  constructed  without  any  theories  to  establish  or 
refute,  and  seems  to  lead  to  the  conclusion  that  with  our  ores  and 
flux  the  silicon  w\\]  be  about  2  per  cent,  when  the  CaO  -\-  MgO  = 
SiOg  in  ore  +  SiOg  in  flux. 

This  is  not  readily  seen  from  the  diagram,  but  is  shown  by  the 
following  calculation,  viz.:  variation  in  silicon  3.3;  ^  =  1.65,  added 
to  lowest,  1.726  =  3.376;  separating  the  week's  results  into  two 
groups,  consisting  of  those  in  excess  of  that  amount  and  tliose  be- 
low, and  averaging  the  quality,  silicon  and  silica  in  ores  -f-  silica  in 
flux,  in  proportion  to  the  amount  of  iron  made,  we  have: 


Average  quality 
iron. 

Average  silicon. 

Per  cent,  SiOo  in 

ore  and  flux  tuMgO 

and  CaO  in  flux. 

Silicon  higliest 

Silicon  lowest 

2.335 
2.571 

4.4.5G 
2.3G4 

1.240 
1.045 

It  will  be  noticed  that  the  quality  of  the  iron  seems  to  have  some- 
thing to  do  with  the  amount  of  silicon,  but  I  am  not  prepared  to 
admit  that  it  is  necessarily  so;  the  last  three  days  when  blowing  out 
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showing  only  2.021  silicon,  while  the  quality  approached  nearly  to 
No.  1  iron  — 1.24. 

In  the  case  of  a  furnace  having  its  burden  changed  by  taking  off 
ore  and  flux,  pro  rata,  it  would  naturally  result  in  an  increase  of 
silicon ;  for  it  would  be,  in  effect,  increasing  the  amount  of  coal,  in- 
cluding its  silica,  which  would  make  more  lime  admissible  and  nec- 
essary. I  find  it  requires  3  per  cent,  of  limestone  to  take  care  of  the 
silicious  matter  in  good  Lehigh  coal. 

The  diagrams  for  weeks  ending  August  4th  and  11th  require  some 
explanation,  which  is  found  on  the  furnace  journal.  .  .  .  Omitting 
dates — "Six  hours  off  to  get  iron  notch" — "south  cin^ler  notch 
blown  out,  still  seven  hours  " — "  broke  out  at  north  cinder  notch, 
still  three-quarters  of  an  hour  " — "  broke  out,  wind  off  one  hour  " — 
"one  hour  off  to  put  valve  in  cylinder" — "broke  out,  one  hour 
off". — "three  break  outs  and  one  boil" — "broke  out  five  times" — 
"one  and  a  half  hours  off" — "four  hours  off  to  get  iron  notch." 
Altogether  a  great  deal  of  iron  was  lost  in  the  form  of  scrap,  which 
was  put  directly  back  into  the  furnace,  and  appeared  in  the  Aveek's 
work  ending  August  11th.  (The  dotted  line  on  the  diagram  shows 
the  two  weeks  taken  together.)  The  last  charge  of  ore  was  put  on 
at  9  A.M.,  25th  August,  and  followed  up  with  limestone  as  rapidly 
as  the  materials  settled  until  108  gross  tons  were  charged,  then  the 
bell  was  luted  up  with  clay,  and  the  hopper  filled  and  kept  full  of 
W'ater  until  the  blowing  out  was  completed. 

At  the  time  the  wind  was  taken  off,  the  furnace  contained  nothing 
but  lime  above  the  tuyeres  and  an  insignificant  salamander  below. 

The  lime,  amounting  to  about  1400  bushels,  was  washed  out  with 
water  in  fifteen  hours  after  the  blast  was  stopped.  By  means  of  the 
lime  the  pressure  was  kept  up  to  the  last,  not  getting  below  7  lbs., — 
a  great  advantage  in  blowing  out,  making  it  possible  to  burn  up 
nearly  all  the  coal. 

The  diagram  shows  all  that  is  known  about  the  composition  of 
the  gas,  the  analyses  being  made  every  six  hours  by  Mr.  Charles  A. 
Colton,  a  member  of  the  Institute,  who  volunteered  to  do  the  work. 

^  ^  ^  ^  ^  :{;  :{; 

Note. — Since  the  above  was  written,  I  have  learned  from  Mr. 
Davis  that  much  heavier  lime  charges  have  been  used  than  are  shown 
in  my  calculation,  even  up  to  60  per  cent,  of  the  weight  of  the  ore, 
but  only  for  a  short  period. 

In  the  case  of  the  Cedar  Point  Furnace,  it  was  noticed  that  the 
silicon  remained  quite  stationary  until  a  certain  point  was  reached, 
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when  it  rapidly  declined — more  rapidly  than  the  increased  charge  of 
lime  would  seem  to  Avarrant.  The  opposite  occurred  when  lime  was 
taken  off,  silicon  increasing  in  a  much  greater  ratio. 

Mr.  Davis  also  informed  me  that  the  tunnel-head  of  his  furnace 
was  very  hot,  which  he  proposes  to  remedy  by  increasing  the  size 
and  height  of  the  stack;  also  that  the  ore  was  used  unroasted. 

The  high  temperature  in  the  upper  part  of  the  stack  would  tend 
to  reduce  silica,  but  could  it  be  possible  that  the  water  in  the  ore 
was  decomposed  ? 


A  NEW  METHOD  OF  TAKING  BLAST  FURNACE  SECTIONS. 

BY    T.    F.    WITHERBEE,    PORT   BLENRT,    ESSEX   CO.,    N.    Y. 

(Read  at  the  Amcnia  Meeting,  October,  1878.) 

As  the  forms  of  blown-out  furnaces  are  of  much  interest  to  iron- 
masters and  metallurgists,  the  manner  of  taking  the  accompanying 
sections  of  the  Cedar  Point  stack  is  here  given. 

The  diagrams  show  the  original  and  also  the  final  shape  of  the 
furnace  after  a  two  years  and  twelve  days'  blast,  during  which  the 
following  solid  materials  passed  through  it,  viz.:  Coal,  41,000  tons; 
ore,  57,000  tons;  limestone,  30,000;  total,  128,000  gross  tons. 
Product,  41 J  tons  per  day  Bessemer  pig  iron. 

The  apparatus  used  in  taking  the  sections  was  a  modification  of 
that  proposed  by  Mr.  Frank  Firmstone,*  and  consisted  of  a  sliding 
rule,  to  follow  around  the  circumference  of  the  stack,  which  rule  was 
connected  by  a  string  to  a  segment  of  a  circle  of  24  inches  radius. 
The  segment  was  carried  by  an  arm  which  connected  it  to  a  hub 
as  a  centre,  2  inches  in  diameter.  A  second  string  was  wound 
around  the  hub,  and  communicated  motion  to  a  pencil-carrier,  the 
pencil  of  which  marked  out  on  paper  the  exact  outline,  and  reduced 
it  to  a  scale  off  inch  to  the  foot. 

The  whole  machine  was  made  in  about  three  hours,  with  the  facil- 
ities of  a  carpenter's  shop,  and  gave  in  operation  every  irregularity 
of  the  lining.  The  sections  were  taken  at  salient  points,  by  lowering 
a  hanging  staging  on  which  the  apparatus  was  placed.  Tracings 
from  the  paper  of  the  machine  were  made,  and,  as  in  this  case  several 
copies  were  required,  the  tracings  were  glued  on  to  thin  sheets  of 
basswood,  and  patterns  carefully  sawed  out  with  a  bracket  saw. 

*  Transactions,  vol.  iii,  p.  106. 
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The  accompanying  sections  (Plates  III  and  IV)  show,  among 
other  things,  considerable  "sagging  over"  at  the  top,  as  is  shown 
by  the  line  of  wear  falling  within  the  original  outline,  caused  prob- 
ably by  the  backing  sand  making  its  way  into  the  furnace,  and  leav- 
ing the  lining  unsupported. 

Section  No.  7  shows  where  the  lining  proper  was  entirely  gone 
for  about  12  feet  square,  leaving  the  back  wall  "of  9-inch  fire  bricks 
exposed. 

Sections  5,  6,  and  7  show  the  cutting  to  have  been  influenced 
somewhat  by  the  back  tuj'ere,  which  was  situated  so  as  to  get  rather 
more  than  its  share  of  wind.  An  attempt  will  be  made  to  correct 
that  tendency  by  regulating  the  sizes  of  the  blast  nozzles. 

Section  No.  10  shows  the  effect  of  pulling  back  tuyeres  No.  6  and 
No.  3  nine  inches  each,  which  was  done  about  9  months  previous  to 
blowing  out,  partly  to  see  what  the  effect  would  be,  in  view  of  a 
larger  hearth  in  contemplation,  and  partly  to  break  up  a  tendency 
to  "tighten  up,"  which  had  given  so  much  trouble.  It  was  thought 
that  it  might  possibly  break  the  arch,  or  prevent  its  formation,  which 
it  did  completely,  since  no  trouble  of  that  kind  was  experienced  after 
the  change. 

An  examination  of  the  sections  No.  1  and  No.  2  seems  to  show 
that  no  plates  are  required  to  prevent  abrasion  of  the  lining  imme- 
diately under  the  bell,  when  the  latter  is,  as  in  this  case,  7J  feet 
in  diameter,  and  the  lining  13|  feet,  although  it  is  shown  that 
such  a  bell  puts  the  stock  all  within  ^  feet  of  the  lining. 

Is  it  not  fair  to  infer  that  a  bell  which  necessitates  the  use  of  iron 
plates  to  protect  the  lining  is  too  large?  Certainly  it  cannot  spread 
the  materials  any  furtJier  than  the  lining;  and,  in  point  of  fact,  the 
rebound  of  the  stock  would  leave  it  rather  nearer  the  centre  than  if 
a  somewhat  smaller  bell  was  used. 

That  the  proper  size  of  bells  is  an  open  question,  is  evident  from 
the  fact  that  the  same  size,  7|  feet,  is  used  with  good  results  in  fur- 
naces of  19  feet  and  23  feet  diameter  of  bosh,  using  the  same  ores. 

Section  No.  3  is  remarkable  from  the  flxct  of  the  almost  entire 
absence  of  cutting  at  that  point,  the  reason  of  which  is  not  clear, 
although  it  might  be  caused  by  a  sudden  expansion  of  the  materials 
caused  by  a  rapid  increase  in  temperature. 

Drawings  of  two  modern  anthracite  furnaces  at  Scranton,  recently 
received,  show  a  remarkable  similarity  to  the  "blown-out"  sections 
of  Cedar  Point  furnace,  perhaps  on  account  of  hints  taken  from 
their  own  worn  linings. 
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MEMOBANBA  SHOWING  THE  PEECENTAGE  OF  THE  DIF- 
FEBENT  EXPENSE  ACCOUNTS  IN  MINING  HEMATITE 
QBE  AT  THE  MANHATTAN  MINE,  SHABON  STATION, 
NEW  YOBK. 

BY  J.   F.    LEWIS,   SUPERINTENDENT. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

Believing  that  one  of  the  essential  points  in  mining,  as  in  all 
other  business,  is  to  know  the  expense  incurred  in  each  particular 
department,  I  have  carefully  kept  an  account  with  each  department 
for  the  past  three  years ;  and,  as  it  may  be  of  interest  to  some  of 
our  members,  I  herewith  present  it  to  the  Institute,  reduced  to  per- 
centages of  the  total  yearly  expense,  showing  the  cost  for  materials, 
repairs,  expenses,  tools,  team  accounts,  powder,  oil,  and  fuel,  also  for 
labor  under  its  several  heads  : 


1875— Materials 


Repairs, 
Expenses,  . 
Team, 
Tools, 

Improvements, 
Oil,    . 
Powder,     . 
Fuel, 


1876— Materials 
Eepairs, 
Expenses,  . 
Team, 
Tools, 

Improvements, 
Oil,     . 
Powder, 
Fuel,  . 


.040 
.016 
.017 
.006 
.030 
.008 
.043 
.325 

.485 

.043 
.012 
.011 
.005 
.007 
.015 
.030 
.321 

.444 

1877— Materials. 

Eepairs, 102 

Expenses, 019 

Team, 031 

Tools, 030 

Improvements,  ....     .031 

Oil, 009 

Powder, 035 

Fuel, 200 

.457 


1875— Labor, 


Machinery, 

R(^pairs, 

Washer, 

Pit, 

Dirt, 

Superintendence, 


1876— Labor. 


Machinery, 

Repairs,  . 

"Washer, 

Pit, 

Dirt, 

Superintendence, 


1877— Labor. 


Machinery, 

Pn'pairs, 

"Washer, 

Pit, 

Dirt, 

Superintendence, 


.055 
.027 
.076 
.178 
.130 
.050 

.516     lOO.I 


.090 
.027 
.005 
.139 
.160 
.078 

.559     100.3 


.050 
.040 
.057 
.179 
.102 
.054 

.548     100.5 


Avei'age  for  the  three  years  1875,  '76,  and  '77. 


Materials. 

Eepairs, 002 

Expenses, 010 

Team 016 


Labor. 


Machinery, 


.065 


Repairs, 

.     .033 

Washer, 

.     .066 

Pit, 

.     .165 

Dirt, 

.     .151 

Superintendence,    . 

.     .061 
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Materials.  Labor. 

Tools,    '       .  .  '        .  .  .      .014 

Improvements,  ....     .022 

Oil, Oil 

Powder, 036 

Fuel, 282 

.459  .541     100 

The  repairs  account  for  1877  is  comparatively  large,  since  during 
the  year  our  tenement  houses  and  other  buildings  were  thoroughly- 
repaired  and  given  two  coats  of  paint,  covering  4424  square  yards. 
Another  reason  is  that  the  mine  was  idle  from  July  1st,  1876,  until 
May  1st,  1877,  only  our  pumping  machinery  being  used;  and  not- 
withstanding that  as  good  care  had  been  taken  of  all  otlier  machinery 
as  was  possible,  yet  in  starting  the  mine  again  considerable  repairing 
was  found  necessary.  The  machinery  consists  of  a  Woodruff  & 
Beach  engine  18"  x  36",  working  a  plunger  pump  18"  barrel, 
by  6  feet  stroke,  connected  by  a  rod  8"  x  10",  137'  long,  forcing 
water  through  a  16"  pipe,  a  perpendicular  height  137'.  It  makes 
during  four  months  of  the  year  from  4  to  6  strokes  per  minute,  the 
balance  of  the  year  from  6  to  10,  and  often  as  high  as  12  strokes 
during  heavy  rains.  The  capacity  of  the  pump,  according  to  its 
area,  is  80  gallons  per  stroke ;  we  found,  however,  by  actual  meas- 
urement in  a  number  of  tests  that  we  got  but  from  72  to  74  gallons. 
It  raises,  therefore,  from  288  to  432  gallons  per  minute  during  the 
dry  season,  and  from  432  to  720  during  the  spring  and  fall  months. 

In  1875,  and  part  of  1876,  the  pumping  was  done  by  a  Worthing- 
ton  duplex  pump,  the  steam  being  carried  through  a  pipe  200  feet 
long,  causing  a  heavy  percentage  for  fuel  in  these  years. 

The  machinery  for  raising  and  washing  the  ore  consists  of  two 
Reynolds's  patent  5-foot  hoisting  drums,  and  one  Bradford,  and  one 
Newbould  washer.  They  are  driven  by  a  Ryder  engine  18"  x  36", 
the  steam  being  generated  in  four  (two  in  set)  40'  x  36"  cylinder 
boilers. 

In  moving  dirt  we  labor  under  the  disadvantage  of  being  obliged 
to  move  an  old  dump,  25  feet  high,  deposited  by  our  predecessors, 
who,  to  save  expense  in  hauling,  dumped  the  dirt  but  a  short  dis- 
tance from  where  it  was  taken. 

We  have  endeavored  not  to  commit  the  same  error,  and  now  haul 
it  in  cars  from  1200  to  1500  feet,  and  dump  it  in  a  swamp,  hoping 
that  in  getting  rid  of  the  dirt  we  shall  also  lessen  the  water  in  our 
mine.  It  may,  perhaps,  be  unnecessary  for  me  to  add,  that  we  are 
also  trying  to  reduce  the  outlay  for  fuel  for  steam  generation. 
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NOTES  UPON  THE  DBAINAGE  OF  A  FLOODED  OBE-PIT  AT 
PINE  GROVE  FURNACE,  PA. 

BY   JOHN  BIRKINBINE,    PHILADELPHIA. 

(Read  at  the  Philadelphia  Meeting,  Fehruary,  1878.) 

In  a  former  paper*  attention  was  directed  to  the  various  forms  of 
pumping  machines  employed  for  permanent  work  in  mining  and 
metallurgical  processes.  The  following  is  simply  a  collection  of 
memoranda  of  work  done  of  a  temporary  character,  and  is  presented 
by  way  of  comparison  with  other  work  of  similar  nature. 

In  close  proximity  to  the  charcoal  furnace  at  Pine  Grove,  Cum- 
berland County,  Pa.,  is  a  large  deposit  of  superior  hematite  iron  ore, 
which  has  been  worked  for  a  number  of  years,  and  from  which  many 
thousand  tons  of  ore  have  been  taken  by  open  pit  workings. 

In  July,  1874,  the  furnace  was  blown  out  and  operations  at  the 
bank  suspended,  the  machinery  for  draining  being  removed  except 
a  plunger  pump,  18  inches  in  diameter  and  66  inches  stroke,  operated 
by  a  steam-engine  by  means  of  rods. 

The  pit  was  allowed  to  fill  with  water,  and  no  steps  towards  its 
reclamation  were  taken  until  November,  1877.  At  that  time  the 
pit  was  a  pond  of  water  at  the  base  of  the  mountain,  having  an 
area  of  about  four  acres  and  a  depth  of  seventy  feet. 

As  the  pumps,  rods,  etc.,  had  been  submerged  for  over  three  years, 
and  partially  buried  by  the  mud  washed  down  from  the  banks,  and 
as  it  was  determined  to  change  the  location  of  the  pump  for  future 
operations  and  drive  it  by  water-power,  a  temporary  pumping  appa- 
ratus was  determined  upon  for  reclaiming  the  pit  and  keeping  it 
drained  until  the  permanent  arrangements  could  be  completed. 

By  opening  an  old  adit  about  10  feet  of  the  water  was  removed, 
and  the  area  decreased  to  three  acres.  The  inflow  of  springs  was 
found  to  be  250  gallons  per  minute,  and  the  amount  of  water  con- 
tained in  the  pit  was  computed  to  be  45,000,000  gallons.  As  the 
inflow  would  undoubtedly  increase  while  the  water  sank  in  the  pit, 
provision  was  made  for  removing  at  least  60,000,000  gallons,  at  the 
rate  of  1,500,000  to  2,000,000  gallons  per  day. 

The  company  determined  to  employ  a  Heald  and  Cisco  centrifugal 
pump  driven  by  an  oscillating  engine  by  means  of  a  belt.  Steam 
was  supplied  by  four  plain  cylinder  boilers,  each  36  inches  diameter 

*  Transactions  of  the  American  Institute  of  Mining  Engineers,  vol.  v.  p.  455. 
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and  36  feet  long,  and  was  conveyed  to  the  engine  through  125  to 
200  feet  of  2|-inch  tubing,  and  50  feet  of  2|-inch  steam  hose.  The 
discharged  water  from  the  pump  was  conveyed  to  the  surface  of  the 
ground  by  a  7-inch  canvas  hose  from  90  to  125  feet  long,  emptying 
into  a  pool  provided  with  a  weir.  An  account  of  coal  consumed 
each  12  hours,  speed  of  pump,  height  of  water  on  weir,  pressure  of 
steam  at  boilers,  and  inches  of  water  removed,  was  carefully  kept. 

The  work  of  draining  the  mine  was  commenced  November  28th, 
1877,  and  bottom  was  reached  January  14th,  1878,  a  period  of  46J 
days.  Of  this  time  5  Sundays  should  be  deducted,  as  the  pump 
was  not  running  on  the  Sabbath,  until  the  inflow  was  so  increased  as 
to  cause  serious  detention.  There  were  also  86  hours  lost  by  stop- 
pages to  make  connections,  repair  hose,  etc. 

The  actual  working  time  of  the  pump  was  37f  days,  during  which 
62,000,000  gallons  were  discharged. 


Sectional  view  of  pumppiston  or  wheel> 

Scale.  I'to  1  ft. 


The  stoppages  were  caused  entirely  in  adding  additional  lengths 
to  steam  pipe  and  discharge  hose,  and  by  repairs  to  the  latter,  which 
was  rapidly  destroyed  by  the  grit  in  the  water ;  7  per  cent,  of  the 
running  time  was  lost  by  these  stoppages. 

The  machinery  consisted  of  an  oscillating  steam-engine ;  steam- 
cylinder  10  inches  in  diameter,  stroke  16  inches,  driving  a  band- 
wheel  6  feet  in  diameter,  and  a  centrifugal  pump  having  a  revolving 
piston  secured  upon  a  horizontal  shaft,  upon  which  was  placed  a  15- 
inch  pulley. 

The  pump  piston  was  24  inches  in  diameter,  had  five  hollow  arms, 
each  having  openings  of  8  inches  in  the  central  chamber  and  other 
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openings,  2|  x  2^  inches  at  the  peripheiy  (see  figure).  The  action 
of  the  pump  was  to  draw  the  water  through  a  short  suction  pipe,  7 
inches  in  diameter,  into  the  central  chamber,  and  project  it  from  the 
outward  end  of  the  curved  arms  into  the  shell  of  the  pump,  and 
thence  tlirough  a  6-inch  discharge  pipe  to  the  canvas  hose. 

The  engine  and  pump,  with  band-wheel,  belt,  etc.,  weighed  6000 
pounds,  and  was  placed  upon  a  raft  so  as  to  follow  the  water  as  it 
sank  in  the  pit. 

The  following  table  is  a  resume  of  data  collected  and  averaged. 
It  exhibits  the  operation  of  the  pump  under  various  circumstances. 
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70 
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65 

70 
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15.3 
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Note  — The  velocitj'  of  the  periphery  of  the  pump  piston  or  wheel  at  400 
revolutions  is  2500  feet  per  minute,  at  575  revolutions  3600  feet  per  minute, 
and  at  730  revolutions  4600  feet  per  minute. 

The  figures  in  column  A  show  the  lift  from  the  surface  of  the 
water  to  the  top  of  discharge  hose. 

Columns  B,  C,  D,  and  F  are  averaged. 

Column  E  is  the  speed  which  the  pump  should  attain  calculated 
upon  the  velocity  of  falling  bodies ;  that  is,  the  velocity  of  the 
periphery  of  the  rotary  piston  should  be  equivalent  to  that  required 
by  a  body  falling  IJ  times  the  height  of  lift,  the  allowance  of  fifty 
per  cent,  being  for  friction,  etc. 

Column  G  shows  the  duty  in  million  pounds  raised  one  foot  high 
by  the  consumption  of  100  lbs.  of  anthracite  pea  coal,  without  any 
allowances,  the  quantity  of  coal  consumed,  water  pumped,  and 
height  of  lift  being  only  considered. 


THE    FIRE-CLAYS    AND    ASSOCIATED    PLASTIC   CLAYS,    ETC.       177 

The  decrease  in  the  coal  consumed  at  15  and  25  feet  lift  was 
owing  to  the  protection  of  the  steam  pipe.  As  there  was  consider- 
able condensation  in  the  long  steam  connection,  and  leakage  in  the 
canvas  hose,  a  fair  allowance  would  place  the  average  duty  at,  say, 
15  million  foot  pounds,  and  the  maximum  duty  between  20  and  25 
millions. 

By  comparing  columns  D,  E,  and  G  it  will  be  noticed  that  as  the 
actual  speed  varied  from  the  theoretical  speed  the  duty  increased. 
This  may  partially  be  explained  by  assuming  that  the  allowance  for 
fifty  per  cent.,  as  above,  is  excessive,  but  it  is  undoubtedly  owing  to 
the  fact  that  the  leakage  at  low  velocities  is  comparatively  greater 
than  in  high  velocities,  that  is,  the  leakage  was  not  in  proportion  to 
the  height  lifted.  Had  it  been  possible  to  attain  greater  speed  the 
duty  would  have  undoubtedly  been  increased. 

By  the  time  bottom  was  reached  the  canvas  hose  gave  so  much 
trouble  that  it  was  abandoned  and  8-inch  wrought  iron  tubiny:  sub- 
stituted.  The  above  memoranda  were  all  taken,  however,  while  the 
canvas  hose  was  in  use. 

152  South  Fourth  Street,  Philadelphia. 


THE  FIBE-CLAYS  AND  ASSOCIATED  PLASTIC  CLAYS, 
KAOLIKS,  FELDSPARS,  AND  FIBE-SANDS  OF  NEW 
JERSEY. 

THEIR    GEOGRAPHICAL    DISTRIBUTION    AND    GEOLOGICAL    OCCUR- 
RENCE. 

From  the  loork  of  the  Geological  Survey  of  New  Jersey. 

BY  PROFESSOR  J.  C.  SMOCK,  ASSISTANT  GEOLOGIST,  NEW  BRUNSWICK,  N.  J. 

(Read  at  the  Philadelphia  MeetiDg,  February,  1878.) 

The  fire-clays  of  New  Jersey  belong  in  two  geological  ages,  the 
cretaceous  and  quaternary,  or  post-tertiary.  Three  very  small  de- 
posits of  plastic  clays  have  been  discovered  within  the  limits  of  the 
Archaean  rocks.  The.se  are  not  refractory  and  of  little  importance, 
excepting  in  a  geological  consideration.  They  have  resulted  from  a 
decomposition  of  the  feldspars  of  the  rock  in  situ,  and  they  have 
been  classified  as  inferior  kaolins. 

VOL.  VI. — 12 
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All  of  the  fire-clays,  fire-sands,  and  the  so-called  kaolins^  and 
feldspars  are  sedimentary  formations.  They  have  come  from  the 
decomposition  of  crystalline,  feldspathic  rocks.  The  source  of  this 
vast  amount  of  material  was  probably  a  continental  area,  or  belt  of 
land,  southeast  of  our  present  Atlantic  coast-line.  The  isolated, 
granitic  outcrops  at  Jersey  City  and  on  Staten  Island  appear  to 
belong  to  a  submerged  and  covered  Archsean  formation,  which  was 
once  a  continuous  belt  from  New  York  to  Trenton,  and  thence 
south  westward. 

The  several  outcrops  and  localities,  where  these  strata  of  fire-clays 
and  other  refractory  materials  occur,  are  grouped  geographically  in 
three  districts  of  the  State.  The  most  important  of  these  is  in 
Middlesex  County,  east  of  New  Brunswick,  and  extending  to  the 
Staten  Island  Sound  and  Raritan  Bay,  Its  northern  limit  is  a  line 
parallel  to  the  Pennsylvania  Railroad,  from  New  Brunswick  to 
Rahway,  and  about  two  miles  south  of  it.  The  Chesquake  Creek 
forms  the  south  boundary.  This  district  has  an  area  of  sixty-eight 
square  miles.  It  has  been  very  carefully  surveyed  and  represented 
upon  one  of  the  mapsf  of  the  geological  survey,  on  a  scale  of  jy  j^^th, 
or  three  inches  to  a  mile.  The  well-known  Wood  bridge  and  Amboy 
clays,  kaolins,  and  fire-sands  come  from  this  district. 

The  second  district  is  geologically  one  with  that  above  described. 
It  is  the  extension  of  the  latter  across  the  State  and  along  the  Dela- 
ware River,  from  Trenton  and  Bordentown,  southwest  to  Salera 
County,  where  it  passes  out  of  the  State,  and  thence  crosses  the  river 
and  appears  in  Delaware.  The  Trenton,  Florence,  Pensauken  Creek 
clays,  etc.,  are  in  it.  The  third  district,  or  (more  properly  speaking) 
group,  includes  all  the  more  recent  clay  deposits  of  that  part  of  the 
State  which  is  south  and  southeast  of  the  green-sand  marl  belt.  The 
clays  at  Conrad,  in  Gloucester  County,  and  those  of  Wheatland  and 
the  Union  Clay  Works  in  Ocean  County,  are  the  principal  localities. 

As  above  stated,  the  first,  or  Middlesex  County  clay  district,  is 
the  most  important,  and  it  produces  an  aggregate  many  times  larger 
than  the  sum  total  of  all  the  rest  of  the  State,  as  well  as  materials 
of  superior  quality  and  of  more  value.  This  district  is  bounded  on 
the  northwest  by  the  Triassic  shales  and  sandstones,  and  the  beds  of 
clay  overlie  these.    The  glauconitic,  clayey  marls  bound  tliis  district 

*  These  terms  have  been  greatly  perverted  by  local  usage  in  New  Jersey.  By 
kaolin  is  uiiderstuod  a  micaceous  sand;  hy feldspar,  a  mixture  of  round  grains 
of  quartz,  and  sand,  and  Jirn-eliiy. 

f  Sec  report  on  the  clays  of  Woodbridgo,  etc.,  Trenton,  1878. 
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on  the  southeast,  and  the  strata  of  marl  are  seen  upon  the  top  of  the 
clay  series.  Between  these  geological  limits  the  following  beds  are 
recognized  as  distinct  and  marked  by  characteristic  features.  They 
are,  beginning  at  the  toj) : 


Dark-colored  clay  (with  beds  of  lignite), 

Sandy  clay  witii  sand  in  alternate  layers, 

Stoneware  clay  bed,   ..... 

Sand  and  sandy  clay  (with  lignite  near  the  bo 

South  Amboy  fire-clay  bed, 

Sandy  clay  (generally  red  or  yellow), 

Sand  and  koolin, 

FeldKpar  bed,      . 

MicatH'ous  sand  bed,  . 

Laminated  clay  and  sand. 

Pipe-clay  {top  white  day), 

Sandy  clay,  including  leaf  bed, 

Woodbridge  tire-clay  bed, 

Fire-sand  bed,    .... 

Rariian  clay  beds — Fire-clay,    . 

"■  "  Sandy  clay, 

"  "  Potters'  clay, 
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The  dip  of  this  clay  formation  corresponds  in  direction  to  that  of 
the  green-sand  marl  beds  on  the  southeast.  An  interesting  feature 
of  this  dip  is  the  diminishing  rate  in. going  from  the  older  to  the 
newer,  or  from  the  northwest  to  the  southeast.  Thus,  in  the  Raritan 
clay  bed  it  is  60  feet  per  mile ;  in  the  Woodbridge  and  South  Amboy 
fire-clay  beds,  51—48  feet;  and  in  the  Stoneware  clay  bed,  only  30 
feet,  or  the  same  as  that  of  the  marl  beds  above  it.  As  is  well 
known,  the  Triassic  shales  dip  towards  the  northwest,  and  at  much 
higher  angle  than  that  of  these  clay  beds.  The  latter  are  seen  lying 
unconformably  upon  the  former. 

Nearly'  all  of  these  strata,  or  members  of  this  formation,  contain 
materials  of  more  or  less  value  in  the  arts,  and  especially  so  in  the 
manufacture  of  fire-bricks  and  furnace-linings  of  all  kinds,  gas- 
house  retorts,  sewer  and  drain  pipes,  various  ceramic  products,  and 
pottery  in  general.  While  there  is  much  variation  in  the  character 
of  the  materials  found  in  any  one  of  these,  there  are  general  features 
which  are  characteristic,  and  enable  the  miner  to  recognize  it,  and 
then  determine  its  prospective  value. 

The  early  recognition  of  these  distinguishing  features  is  very  im- 
portant to  the  explorer  and  miner.  Some  of  these,  with  descrip- 
tions of  localities,  are  here  given,  following  the  order  of  the  geo- 
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logical  column,  or  series,  as  above,  but  beginning  with  the  lowest 
member,  the 

Raritan  Potter's  Clay  Bed. — This  bed  reposes  directly  upon  the 
red  shale  and  sandstone  of  the  Triassic  age.  It  has  been  opened  at 
comparatively  few  points,  and  at  none  of  them  has  there  been  much 
work  done  in  digging  or  mining  the  clay.  Its  more  important  lo- 
calities are  the  pits  in  the  vicinity  of  Piscataway  and  Bonhamtown. 
The  clay  of  tliis  bed  lacks  that  degree  of  homogeneity  so  character- 
istic of  the  higher  fire-clay  beds.  It  is  very  frequently  laminated  in 
structure,  and  appears  to  be  a  mixture  of  materials  from  different 
sources  and  of  somewhat  unlike  characters.  Much  of  it  is,  however, 
very  white,  almost  free  from  gritty  particles,  and  resembles  some  of 
the  finest  of  the  Woodbridge  clays.  But  it  does  not  stand  in  the 
fire,  and  cannot  be  considered  a  fire-clay,  although  there  are  thin 
sections  of  it  quite  refractory.  Its  composition  is  shown  in  the  fol- 
lowing analyses : 

Analysis. 

1.  2. 

Silicic  acid  (combined), 45.61  38.20 

Alumina  and  Titanic  acid, 39  04  35.09 

Water  (combined), lO.tO  12.10 

Potash, 2.26  2.44 

Soda, 0.25  0.21 

Lime,  ......... •  traces 

Magnesia,    ........       0.21 

Ferric  oxide,                  1.10  1.89 

Sand  (quartz), 0.71  8.60 

Total, 99.87  98  74 

Separated  from  this  clay  by  a  thin  bed  of  lignitic,  sandy  clay, 
there  follows  the  Raritan  fire-clay  bed.  This  is  marked  by  a  drab 
color,  and  more  sandy  texture.  It  has  been  recognized  by  its  eleva- 
tion and  these  marks  in  Dixon's  pits  at  Woodbridge,  and  in  several 
small  pits  near  Bonhamtown.  The  clay  of  this  bed  is  more  dense, 
and  corresponds  to  some  of  the  foreign  glass-pot  clays.  It  has  been 
tried  for  crucibles  for  steelmakers  and  for  glass  pots,  but  not  so  fully 
as  to  establish  a  character  for  it.  It  is  a  good  fire-clay  for  brick- 
making.     Analysis  shows  its  composition  to  be  as  follows: 
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Analysis. 

Silicic  acid,      .........  3L32 

Alumina,          .........  27.13 

Water  (combined),          .......  9-63 

Potash, traces 

Soda, traces 

Lime. traces 

Magnesia,         .........  0.08 

Ferric  oxide,  .........  1.26 

Titanic  acid, 1  93 

Sand  (quartz), 29.00 

Total, 100.35 

Its  specific  gravity  is  1.994-2.047.  It  will  be  observed  that  this  is 
not  fat  or  aluminous,  as  the  Raritan  potter's  clay-bed  clay.  This  bed 
appears  destined  to  furnish  much  more  clay  than  it  now  does,  and 
probably  for  wider  uses  than  some  of  the  other  clays  of  this  district. 
It  does  not  now  appear  in  the  market.  * 

The  next  bed  is  a  fire-sand,  and  consists  almost  exclusively  of 
sharp,  angular  grains  of  white  quartz-sand.  This  is  sonietiraes  dis- 
colored by  iron  oxide  stains,  and  occasionally  it  contains  a  small 
percentage  of  white  clay  or  sandy  earths.  This  bed  yields  nearly 
all  the  fire-sand  which  is  dug  in  the  district. 

Going  up  in  the  series,  the  next,  the  Woodbridge  fire-clay  bed,  is 
one  of  the  most  important  of  the  whole.  The  fire-clays  dug  about 
Woodbridge,  and  in  the  several  banks  along  the  north  shore  of  the 
Raritan  River,  come  from  this  part  of  the  clay  formation.  There  are 
a  great  many  separate  pits  owned  and  worked  by  many  individual 
proprietors  and  clay-diggers.  These  are  best  seen  by  a  reference  to 
the  map. 

This  bed  is  generally  quite  sandy,  both  at  the  top  and  at  the  bot- 
tom, and  sometimes  this  gradation  is  so  gentle  that  it  is  impossible 
to  define  the  limits  of  clay  and  sand.  The  clay  is  most  generally 
bluish-white,  excepting  where  it  has  been  faded  by  long  exposure  to 
atmospheric  agencies.  But  in  nearly  all  pits  this  shade  is  diversi- 
fied, and  the  clay  appears  red  or  mottled,  red  and  white,  by  the  pres- 
ence of  ferric  oxide,  which  exists  in  it  as  a  foreign  or  accidental  con- 
stituent. 

Pyrite  is  another  occasional  constituent,  although  rare  in  the  best 
clay  of  the  bed.  It  is  more  generally  seen  in  the  inferior  and  sandy 
portions.  Lignite  has  also  been  seen,  but  it  is  not  common  in  these 
fire-clay  beds,  although  very  abundant  in  some  of  the  dark-colored 
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black  clays  that  lie  between  these  fire-clay  members.  The  composi- 
tion of  the  fire-clay  of  this  bed  does  not  materially  differ  from  that 
of  the  South  Amboy  bed,  and  the  following  average  of  seven  analyses 
of  as  many  specimens,  each  representative  of  a  locality,  shows  this 
composition : 

Analysis. 

Silicic  acid, 43  22 

Aluminji, 38.94 

Water  (combined), 13.71 

Potash, 0.30 

Soda, 0  17 

Lime, 0.15 

Masjnosia, Oil 

Ferric  oxide,    .         .         .         .         .         .         .         .         .  0  81 

Titanic  acid, 1.35 

Sand  (quartz), 1.31 

Total, 100.07 

The  specific  gravity  of  this  clay  is  1.705-1.814;  the  more  sandy 
clays  being  a  little  heavier. 

Above  this  bed  there  is  a  layer,  known  locally  as  top-v)hite,  or 
pipe-clay,  which  is  fusible  at  a  high  heat,  and  which  is  sometimes 
classed  with  this  fire-clay.  It  is  distinguished  by  its  darker  color, 
more  sandy  character,  and  the  higher  percentage  of  potash,  some- 
times amounting  to  two  per  cent.  The  red  clays  of  this  bed,  as  also 
of  the  South  Amboy  bed,  contain  varying  amounts  of  ferric  oxide 
np  to  seven  per  cent.  Such  clays,  known  variously  as  red,  spotted, 
and  mottled,  are  not  so  refractory  as  the  blue  or  white  sorts.  Gen- 
erally they  are  more  sandy,  and  also  less  uniform  in  texture.  They 
are  used  in  No.  2  firebrick  sometimes,  but  more  often  in  drain  and 
sewer  pipe,  and  in  saggers  and  stove-linings.  The  best  clays  are  put 
in  the  market  as  No.  1  fire-clay,  or  asjine  day.  These  are  the  rich, 
aluminous  clays  represented  by  the  composition  above  given.  The 
more  sandy  portions  are  nearly  as  good  fire  material,  in  some  places 
quite  as  good,  as  the  more  fat  varieties,  but  they  are  not  ranked  so 
high,  and  are  classed  with  the  No.  2  grades.  Wherever  the  bed  is 
impregnated  with  pyrite,  that  part  of  it  is  dug  by  itself  and  sold 
separately  (if  it  be  not  sandy)  for  alum-making. 

Selected  lots,  which  arc  particularly  free  from  any  oxide  of  iron 
or  other  foreign  constituents,  are  also  separated  for  white  ware.  Tliis 
ware  day  is  softer,  more  friable,  and  has  a  more  decided  conchoidal 
fracture  than  the  firebrick  clay.  A  paper  day,  used  in  glazing  wall 
paper,  is  got  in  some  of  the  pits.    This  needs  to  be  very  fine  and  free 
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from  grit.  Sometimes  it  is  prepared  by  Avashing  the  clay,  by  which 
means  the  sand  and  pyrite  and  other  constituents  foreign  to  the  clay 
are  removed.  All  these  grades  of  ware,  paper,  firebrick,  retort,  and 
alum  clays,  belong  geologically  in  these  beds,  being  found  at  nearly 
all  of  the  pits  in  both  this  and  the  South  Amboy  bed.  They  are 
variations  only,  and  are  found  going  vertically,  not  horizontally, 
through  each  of  them,  although  not  always  in  the  same  order  of  suc- 
cession. Commonly  the  best  clay  is  in  the  middle  horizon,  grading 
off,  towards  top  and  bottom,  into  varieties  of  less  value. 

These  clays  constitute  the  great  mass  of  all  the  fire-clay  exported 
from  the  State,  and  they  supply  most  of  the  firebrick  material  for 
the  works  of  the  Atlantic  slope. 

The  laminated  clay  and  sand  forms  the  most  of  the  dark-colored 
red  brick  material  which  is  dug  in  such  large  quantities  along  the 
tidal  waters  of  this  district.  It  furnishes  a  very  superior  brick  earth 
for  making  a  strong  and  durable  building  brick.  The  yards  at 
Washington,  and  along  the  South  and  Raritan  Rivers,  all  use  these 
clays  and  sands. 

Passing  up  the  columnar  section,  the  next  important  member  of 
the  series  is  called  the  feldspar  bed.  This  is  a  misnomer,  but  the 
wide  and  general  use  of  the  term  compels  its  retention  in  this  place. 
It  is  properly  a  mixture  of  Avhite  clay  with  about  an  equal  weight 
of  white  quartz  sand  and  grains,  which  are  but  very  slightly  rounded. 
It  resembles  somewhat  some  of  the  coarser-grained  kaolins,  and,  if  it 
were  lying  upon  a  granitic  rock,  one  would  suppose  it  to  be  a  product 
of  decomposition  in  place.  But  here  it  is  lying  between  beds  of 
micaceous  quartz  sand.  The  chemical  composition  of  this  anomalous 
material  is  as  follows  : 


Analysis  (Average  of  Three). 

Silicic  acid, 16.79 

Alumina,         .........  17. 5*2 

Water  (combined),           .......  5.17 

Potash, 0.14 

Soda, 0.21 

Lime,      ..........      

Magnesia,        .........  0.25 

Ferric  oxide,            ........  0.65 

Titanic  acid, 0.90 

Sand  (quartz),         ........  58.15 

Total, 99.78 
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In  some  places  it  shows  iron-oxide  stains,  otherwise  it  is  very  uni- 
form in  its  physical' characters.  As  a  bed  it  is  quite  uneven,  and 
wants  the  persistence  seen  in  the  clay  beds  of  this  formation.  It  is 
divided  into  three  grades,  Nos.  1,  2,  and  3,  according  to  quality. 
The  latter  approaches  a  clayey  fire-sand  in  appearance.  Its  use  is 
in  tempering  clays  in  mixtures  for  firebrick ;  and  by  some  manu- 
facturers it  is  preferred  to  fire-sand,  and  also  to  the  so-called  kaolin. 
The  working  localities  of  thin  feldspar  are  southwest  of  Woodbridge 
village,  the  pits  being  on  the  higher  ground  between  that  place  and 
Perth  Amboy.  One  or  two  localities  are  known  south  of  the  Rari- 
tan,  but  they  are  of  no  account  practically. 

Overlying  this  bed  is  the  sand  and  kaolin  bed.  Here  again  there 
is  a  wrongly  used  terra,  for  this  is  simply  a  rather  fine  white  quartz 
sand,  containing  a  small  amount  of  white  mica,  in  very  small  scales, 
but  still  sufficient  to  give  to  the  mass  a  very  decided  micaceous  as- 
pect. Its  chemical  composition  is  somewhat  varying,  according  as 
the  bed  is  more  or  less  sandy.  The  percentage  of  quartz  ranges 
from  77  to  92  per  cent.  This  kaolin  is  found  at  the  bottom  of  the 
South  Amboy  fire-clay  bed,  after  the  pits  have  penetrated  through 
the  clays.  But  on  account  of  the  water  in  it,  in  these  pits,  it  is  not 
often  dug  in  them.  The  best  known  localities  are  near  Perth  Am- 
boy, northwest  and  north  of  the  town  ;  in  fact  it  appears  in  the 
street  and  railroad  cuttings  in  the  place.  Another  large  pit  is  at 
Washington,  S.  R.  There  are  other  localities,  not,  h.owever,  in  this 
horizon,  that  furnish  sands  more  or  less  micaceous,  and  resembling 
somewhat  this  kaolin,  but  they  are  not  the  same,  but  of  local  or  sur- 
face deposits.  The  kaolin  is  used  as  fire-sand  in  firebrick  and 
and  other  refractory  products,  as  a  tempering  material.  It  is  not 
quite  as  refractory  as  the  best  fire-sand,  or  the  No.  1  feldspar.  A  con- 
siderable amount  of  it  is  used,  however,  but  mainly  in  inferior  grades 
of  brick,  etc. 

The  South  Amboy  fire-clay  bed  is  opened  in  several  very  large 
pits  or  excavations  on  the  south  side  of  the  Raritau  River.  The 
pits  of  E.  F.  &  J.  M.  Roberts,  George  Such,  J.  K.  Brick  estate, 
Whitehead  Bros.,  and  Sayre  &  Fisher,  are  in  it,  and  they  sell  an- 
nually many  thousands  of  tons  of  superior  fire-clay.  North  of  the 
Raritanthis  bed  is  recognized  in  the  pits  of  J.  Manning,  E.  F.  Rob- 
erts, and  De  Bow,  on  the  high  ground,  two  miles  west  of  Perth 
Amboy. 

This  fire-clay  is  much  like  that  of  the  Woodbridge  bed,  and  the 
descriptions  of  the  latter  given  above  may  be  applied  to  this  clay 
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also.  Some  of  the  firebrick  makers  speak  of  differences,  but  these 
are  h:)cal  and  not  sufficient  to  characterize  one  rather  than  tlie  other. 
There  are,  however,  some  features  that  mark  this  as  distinct  geologi- 
cally, and  as  a  separate  bed. 

Between  this  fire-clay  and  the  stoneware  clay  bed  there  is  fifty 
feet  of  dark-colored  sandy  clay,  containing  lignite,  and  resembling 
closely  the  thick  bed  which  intervenes  between  the  two  fire-clays, 
and  which  is  worked  for  building  brick. 

The  stoneware  clay  is  one  of  the  most  characteristic  clays  of  the 
formation.  It  has  just  the  nice  proportions  of  sand  and  of  clay,  con- 
taining ferric  oxide  and  alkalies  to  vitrify  and  make  a  superior  stone- 
ware. It  is  mixed  in  some  portions  of  the  bed  with  more  sand;  in 
others  there  are  the  same  discolored  stains  as  have  been  mentioned  as 
occurring  in  the  fire-clays.  These  render  some  of  it  unfit  for  any 
valuable  uses.  Pyrite  and  lignite  are  found,  but  only  sparingly 
towards  the  top  or  the  bottom,  but  not  in  the  best  of  the  bed.  The 
average  of  three  analyses  of  typical  specimens  of  this  clay  is  as  fol- 
lows : 

Analysis. 

Silicic  acid, 28.21 

Alumina, 19.88 

"Water  ^combined),          .......  6.02 

Potash, 1  66 

Soda, 0.83 

Lime,      ..........  0.11 

Magnesia, 0.37 

Ferric  oxide,  .         .         .         .         .         .         .  •       .         .  1.51 

Titanic  acid, 1.02 

Sand  (quartz), 41.30 

Total, 100.41 

Its  specific  gravity  is  1.971-2.151. 

This  clay  is  the  best  in  our  country  for  making  stoneware,  and  the 
most  of  that  kind  of  ware  manufactured  here  is  made  of  this  clay. 

It  is  shipped  to  all  points  along  the  coast  from  Maine  to  Texas. 
The  most  noted  banks  in  the  district  are  those  of  Morgan's  near 
South  Amboy,  and,  O.  Ernst,  N.  Furman,  W.  C.  Perrine,  and  others 
between  that  place  and  the  Chesquake  Creek. 

The  strata  above  the  stoneware  clay  bed  are  not  worked  except- 
ing for  red-brick  material.  In  the  upper  one  there  is  much  lignite, 
and  in  places  attempts  have  been  made  to  mine  this  fViel,  but,  in 
consequence  of  the  large  amount  of  pyrite  scattered  through  it,  with- 
out success. 
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In  the  southwestern  continuation  of  this  clay  formation,  as  seen  in 
the  sejiarate  outcrops  at  intervals  along  the  Delaware  River,  the 
stratification  is  not  so  easily  defined  or  traceable.  There  is  a  close 
resemblance  in  general  features  to  the  district  along  the  Raritan, 
but  some  of  the  members  there  recognized,  do  not  appear,  or  have 
not  been  identified  here  along  the  Delaware.  At  Trenton  a  little 
clay  has  been  dug  which  resembles  a  true  kaolin,  and  apj)ears  as  if 
it  were  upon,  if  not  very  close  to,  the  original  rock  that  furnished  its 
material. 

A  few  miles  east  of  Trenton  this  formation  is  exposed  at  a  few 
small  pits  where  it  yields  a  common  sagger  clay.  In  the  river  bank 
south  of  that  city,  a  similar  clay  has  been  found  at  several  points 
and  dug  for  such  use.  Further  down  the  river,  at  Florence  Heights, 
a  considerable  amount  of  sandy,  white  clay  and  some  kaolin  (mica- 
ceous sand)  are  got  out  of  the  bluff.  This  clay  is  of  inferior  char- 
acter as  a  fire-clay,  although  sold  as  No.  2  clay.  It  also  goes  to 
foundries,  some  of  it  to  potteries  for  saggers,  and  some  for  pipe. 
At  Kinkora  the  clay  marls  appear  in  contact  and  upon  the  dark- 
colored  lignite  clay.  And  this  clay  of  Florence  is  quite  near  the 
top  of  the  formation.  It  may  be  the  equivalent  of  the  stoneware 
clay  bed  on  the  east  side  of  the  State.  The  best  of  this  Florence 
clay  has  the  following  composition  : 

Analysis. 

Silicic  acid, ^     .         .  26.80 

Alumina* 21.24 

Water  (combined), 5.80 

Potash, 2.50 

Soda, 0.21 

Lime, 0.25 

Maiincsia, .  0.61 

Ferric  oxide,  .        •.         .         .         .         .         .         .         .  1.99 

Sand  (quartz), 40  82 

Total, 100.22 

At  Bridgeborough,  in  Burlington  County,  about  ten  miles  north 
of  Camden,  a  little  sandy  clay  has  been  dug  for  terra-cotta  works 
and  some  iron  foundries. 

The  most  extensively  worked  banks  along  the  Delaware  River 
are  five  miles  northeast  of  Camden,  in  the  bluffs  on  the  south  of  the 
Pensauken  Creek,  near  its  mouth.     The  bank  here  shows  some  red 

*  Including  titanic  acid  (not  determined). 
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and  wliite  clays  covered  by  fine  white  quartz  sand  {kaolin),  and  un- 
derlaid by  a  fire-sand.  The  beds  all  dip  gently  towards  the  south- 
east. The  clay  ranges  from  eight  to  twenty  feet  iu  thickness.  Its 
composition  is  given  by  the  accompanying  analysis. 

Analysis. 

Silicic  acid, .         •         •  17.57 

Alumina,* 18.20 

Water  (combined), 5.50 

Potash, 0.76 

Soda, 

Lime, 0.11 

Magnesia,        .........       

Ferric  oxide, 1.09 

Sand  (quartz), 57  08 

Total; 100  31 

The.se  figures  show  that  the  clay  is  very  sandy,  but  the  percentage 
of  fluxing  elements  is  smaller,  indicating  a  refractory  clay.  A  large 
amount  is  sold  aunually  to  firebrick,  terra-cotta,and  drain-pipe  works, 
and  for  other  uses.  Some  of  it  is  used  for  zinc  furnace  retorts  and 
muffles.  Large  quantities  of  fire-sand  and  kaolin  are  also  sold 
from  this  bank,  and  some  of  these  are  said  to  be  very  superior 
fire  material. 

Proceeding  southwest,  clays  crop  out  at  Red  Bank  near  Gloucester 
City,  and  in  Gloucester  County  at  Billingsport  and  Bridgeport.  But 
these  are  but  lightly  worked,  and  they  are  all  sandy  clays  aud  not 
very  valuable.  They  answer  for  drain  pipe,  for  saggers,  and  for 
foundry  use. 

In  the  southeastern  part  of  the  State  clay  has  been  dug  at  Conrad, 
Camden  County.  Some  of  it  has  been  made  into  pipe,  terra-cotta, 
and  it  is  said  into  firebrick.  It  is  quite  sandy,  and  the  best  of  it  is 
streaked  with  yellow  earths. 

The  only  other  localities  worthy  of  mention  are  the  deposit  at  the 
Union  Clay  Works  near  Woodmansie,  in  Ocean  County,  and  the 
Townsend  bed,  or  pits,  near  Wheatland  Station  in  the  same  county. 
But  these  have  not  been  used  except  to  make  drain  pipe  at  works 
located  near  the  pits. 

The  geological  relation  of  the.se  pits  in  the  southeastern  part  of 
the  State  are  not  certain.  They  are  comparatively  recent,  and  are 
probably  of  limited  extent  and  separate  deposits.     They  can  never 


*  Including  titanic  acid. 
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be  of  great  importance  so  long  as  the  rich  beds  of  the  plastic  clay 
formation  are  not  exhausted. 


Discussion. — Dr.  Hunt,  in  speaking  of  the  cretaceous  clays  of  New 
Jersey  and  other  regions  along  the  seaboard,  explained  that  they  have 
their  origin  in  the  decay  of  the  crystalline  rocks  of  the  Atlantic  belt. 
He  mentioned  that  these  rocks,  where  they  are  feldspathic,  are  in 
many  parts  found  in  a  state  of  disintegration,  from  the  change  of 
the  feldspar  into  kaolin,  and  instanced  the  Lanrentian  gneiss  of  the 
South  Mountain  at  Seisholtzville,  and  near  Allentown,  in  Pennsyl- 
vania; while  in  the  vicinity  of  Philadelphia,  and  elsewhere,  both 
southward  and  northward,  the  Montalban  gneisses  are  similarly  kao- 
linized.  A  striking  illustration  of  this  is  seen  in  the  gneisses  of  the 
Hoosic  Umncl,  in  Western  Massachusetts,  described  by  hira  in  the 
Transactions  of  the  Institute  of  Mining  Engineers,  in  1874  (vol.  iii, 
page  187).  Farther  examples  of  this  are  met  with  in  the  gneissic 
rocks  of  Wisconsin,  and  in  the  petrosilex-porphyries  of  Huronian 
age,  which  rise  through  the  Cambrian  sandstones  of  Southeastern 
Missouri,  "protruding,  but  not  intruded," 

The  action  of  water  upon  such  decayed  rocks  separates  the  kaolin 
from  the  crystalline  quaj-tz.  In  some  cases,  however,  mechanical 
agencies  break  up  the  feldspathic  rocks,  before  their  decay,  as  is  seen 
in  the  feldspathic  sandstones  (arkose)  from  the  Mesozoic  of  our  At- 
lantic slope,  noticed  by  Prof.  Wurtz.  Specimens  of  these  have  just 
been  shown  to  the  Institute,  by  Mr.  Heinrich,  from  the  Mesozoic 
of  Virginia,  which  consist  of  the  debris  of  undecayed  quartzo- 
feldspathic  rocks,  and  it  was  suggested  that  the  aggregates  of  clay 
and  quartz,  described  by  Prof,  Smock  as  occurring  in  the  cretaceous 
strata  of  New  Jersey,  might  have  come  from  the  subsequent  decay, 
in  place,  of  beds  of  similar  feldspathic  sandstones. 

Allusion  was  farther  made  to  the  decay  of  the  crystalline  schists 
of  the  so-called  Primal  and  Auroral  series,  in  the  great  Appalachian 
valley.  These  schists  which,  with  their  associated  quartzites  and 
limestones,  belong  to  the  Lower  Taconic  (or  true  Taconic)  of  Em- 
mons, which  Dr.  Hunt  has  elsewhere  designated  Taconia-n,  have, 
in  parts,  considerable  resemblance  to  certain  schists  of  the  Huro- 
nian, with  which  he  was  at  first,  in  1874,  disposed  to  confound 
them.  [Transactions,  \o\.  iii,  p.  420.)  Similarly,  Prof  Kerr,  in  his 
report  on  the  geology  of  North  Carolina,  in  1875,  described  the 
whole  of  the  Taconian  rocks  as  Huronian,  and  thus  represented  the 
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Huronian  as  overlying  unconfonnably  the  Montalban,  whieli,  itself, 
is  younger  than  the  true  Huronian.  The  Taconian  age  of  the 
limonite-bearing  schists  of  the  Appalachian  valley  was  pointed  out 
by  the  speaker  in  his  paper  on  the  Cornwall  iron-mine,  in  February, 
1876.  {Transactions,  vol.  iv,  p.  319.) 

The  decav  of  these  Taconian  schists  has,  as  is  well  known,  sriven 
rise  to  clays,  which  often  inclose  the  limonite  ores  of  the  region,  and 
from  the  peculiar  compositionof  the  schists,  are  generally  free  from 
quartz  grains.  The  clays  thus  formed,  are  seen,  in  highly  inclined 
and  contorted  strata,  in  many  parts  in  the  Great  Valley  to  the  west 
of  the  Blue  Ridge,  and,  as  we  have  evidence  of  the  former  existence 
of  a  continuous  belt  of  such  rocks  along  the  eastern  base  of  the  Blue 
Ridge,  they  may  very  well  have  been  the  source  of  much  of  the  creta- 
ceous clay. 

The  speaker  called  attention  to  the  existence  of  areas  of  undecayed 
Taconian  strata  in  North  Carolina  and  Virginia,  as  well  as  in  New 
England,  to  the  east  of  the  Blue  Ridge.  It  is,  however,  often  im- 
possible to  trace  these  Mesozoic  (and  Cenozoic)  clays  to  the  unchanged 
crystalline  rocks  of  their  vicinity,  since  they  may  have  been  derived 
from  formations  which,  by  decay  and  erosion,  have  .long  since  been 
removed.  He  conceived  that  the  Huronian  and  Montalban  rocks, 
which  overlie  the  Laurentian  to  a  great  extent,  both  northeast  of 
the  Hudson,  and  south  of  the  Susquehanna,  had  probably  at  one 
time  covered  the  now  exposed  Laurentian  axis  of  the  South  Moun- 
tain between  these  two  points.  Portions  of  all  these  new  formations, 
including  the  Huronian,  Montalban,  and  Taconian,  are,  however, 
still  to  be  found  on  Manhattan  and  Staten  Islands. 

Prof.  Smock  referred  to  the  presence  of  titanium  in  all  of  the 
clays  of  Middlesex  County,  as  well  as  in  the  associated  strata  o^ feld- 
spar and  fire-sand,  as  a  possible  clew  to  the  origin  of  these  mate- 
rials. Tills  element  is  very  widely  distributed,  particularly  in  the 
gneissic  or  Archaean  rocks  of  the  highlands  of  New  Jersey,  and  it 
occurs  in  some  of  the  magnetic  iron  ores  of  that  district.  The  Church 
Mine  ore  is  remarkable  for  the  large  percentage  of  titanium,  but  this 
is  an  exception  among  our  New  Jersey  magnetites.  They  do  not,  as 
a  rule,  contain  weighable  quantities  of  this  element.  Some  of  the 
gneisses  of  the  highlands  have  been  examined  with  reference  to  this 
point,  and  have  been  found  to  be  free  from  titanium.  Many  more 
examinations  ought  to  be  made  before  we  assert  positively  that  it  is 
generally  wanting  in  these  rocks  and  their  associated  ores.  Of  the 
clays  analyzed,  a  very  few  do  not  contain  any  titanium,  as,  for  ex- 
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ample,  the  kaolin  clay  of  Trucks  &  Parker,  Hokessin,  Delaware. 
The  amount  of  titanic  acid  is  remarkably  constant.  Its  variations 
are  not  as  wide  as  those  of  any  of  the  otiier  constituents,  almost  lead- 
ing us  to  believe  that  it  is  one  of  the  essential  components  of  the  mass. 
These  facts,  with  the  existence  of  titanium  in  the  crumbling,  par- 
tially decomposed  gneiss  near  Trenton,  appear  to  show  that  the  ma- 
terials of  this  clay  formation  were  not  derived  from  the  Archaean 
rocks  of  the  highlands  on  the  north^  but  from  the  degradation  of 
the  southern  belt,  now  covered  across  New  Jersey  by  the  more  re- 
cent shales  and  sandstones  of  the  Triassic  age  and  these  Cretaceous 
clays  and  associated  beds.  The  uncovered  outcrops  of  this  southern 
belt  are  seen  near  Trenton  and  on  Staten  Island. 

Prof.  Frazer  said:  In  the  clays  and  clay  slates  of  York,  Adams, 
and  Lancaster  counties,  Pa.,  titanic  oxide  is  an  almost  invariable  in- 
gredient, as  the  subjoined  extracts  from  communications  by  Mr.  A.  S. 
McCreath  and  Prof  F.  A.  Genth  will  show. 

The  former  says  (under  date  of  October  15th,  and  speaking  of  the 
Peach  Bottom  slate):  .  .  .  "Permit  me  to  call  your  attention 
to  the  comparatively  large  percentage  of  titanic  acid  in  this  slate. 
I  may  state  tha^  I  was  induced  to  look  for  it  from  the  fact  that  I 
have  invariably  found  this  element  in  the  clays  from  this  slate,  and 
also  because  none  of  the  published  analyses  of  our  clays  show  its 
presence."     .     .     . 

The  analysis  of  the  slate,  which  was  a  fine  specimen  of  the  cele- 
brated Peach  Bottom  roofing  slate  from  the  Lancaster  County 
quarry,  is  here  subjoined  : 

Per  cent. 

Silicic  oxide, 55.880 

Aliiniina,       .         .  ' 21.849 

Ferrous  oxide,        ........  9.033 

Manganous  oxide,          .......  0.586 

Cobaltou.s  oxide,    ........  trace 

Titanic  oxide  (TIOJ, L'270 

Lime,    .         .         .         .         .         .         .         .         .         .0.155 

Magnesia,      .         .         .     ' 1.495 

Soda,     .  ■ 0.460 

Pota.sh, 3.G40 

Carbon,* 1.974 

Water, 3.385' 

Iron  bisulphide,     ........  0.051 

Sulpliuricacid  (SO3), 0.022 

99  800 
*  Averas:e  of  three  determinations. 
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The  following  extract  from  a  letter  from  Prof.  F.  A.  Genth,  of 
August  3d,  1877,  refers  to  the  result  of  an  examination  of  the  solid 
and  liquid  contents  of  certain  limonite  bombs,  which  were  selected 
and  sent  from  the  Chestnut  Hill  mines. 

These  bombs  contained  generally  water,  together  with  a  fine  sedi- 
ment, which  might  be  called  mica  dust,  and  which  was  the  product 
of  the  weathering  of  the  adjacent  hydro-micas  and  their  infiltrations 
into  the  bombs. 

It  will  be  borne  in  mind,  in  connection  with  these  results,  that,  ac- 
cording to  the  belief  of  our  honored  President  and  many  other 
eminent  geologists  (a  belief  which  all  that  I  myself  have  observed  of 
the  condition  and  structure  of  these  clays  tends  to  substantiate),  the 
greater  part  of  them  have  been  formed  by  the  weathering  in  place 
of  these  hydro-micaceous  rocks  by  the  gradual  solution  and  wash- 
ing out  of  all  their  constituents  except  aluminum  silicate,  or  clay. 
If  this  hypothesis  be  correct,  we  should  at  least  not  expect  to  find 
any  constituent  in  the  residue  of  the  long  leaching  which  was  not 
in  the  original  schists,  although  naturally  the  converse  need  not  be 
true. 

If,  then,  titanic  oxide  was  found  in  the  clays,  and  not  in  the  slates, 
the  argument  against  the  identity  of  origin  of  the  two  would  be 
strong.  That  the  reverse  is  true  is  fully  attested  by  the  foregoing 
results  of  Mr.  McCreath,  and  by  the  analysis  by  Dr.  Genth  of  the 
finely  divided  debris  of  these  slates.  The  extract  referred  to  reads: 
....  "The  water  contains  0.000116  per  cent,  of  solid  matter,  con- 
taining K2O  and  a  trace  of  I^TajO.  The  solid  constituents  contained 
principally  damourite,  quartz,  limonite,  titanic  acid,  and  carbon. 
The  analysis  gave : 

Per  cent. 

KiO^, 47.42 

TiO.„ 2.00 

FcjOs, 18.38 

AI2O3, 20.57 

MnO, 007 

CO, 0.10 

MgO, 2.33 

CaO, 0  i2 

Na20, 0.02 

K2O, 6.06 

HjO, 6.52 

Carbon, 1.99 

Sum, 100.58 

"You  will  see  from  this  analysis,  if  we  take  the  6.06  K2O,  and 
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calculate  from  it  the  constituents  of  claraourite,  nearly  the  whole  of 
the  alumina  is  taken  up. 

Kp, 6.0G 

AI2O3. 19.83 

SiO^, 23.16 

H,0 2.32 

51.37  of  damourite." 
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BY  DR.  R.  W.  RAYMOND,  NEW  YORK  CITY. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

The  manufacture  of  ferromanganese  in  the  blast  furnace  having 
been  the  subject  of  considerable  attention  in  the  Institute,  I  beg  to 
put  on  record  a  contribution  to  the  discussion  from  a  quarter  hith- 
erto not  directly  represented,  namely,  the  9t.  Louis  furnaces,  near 
Marseilles  in  France,  belonging  to  a  company  of  which  M.  Jordan, 
a  member  of  the  Institute,  is  Managing  Director.  These  furnaces 
commenced  in  1862  to  manufacture  specular  pig  {fontes  a  facettes) 
containing  from  three  to  six  per  cent,  of  manganese.  In  1864  the 
regular  production  of  spiegeleisen  [fontes  iniroitantes),  containing 
seven  to  ten  per  cent,  of  manganese,  was  inaugurated.  At  that  time 
the  Rhine  was  the  only  locality  of  this  manufacture,  and  the  Besse- 
mer works  of  England  and  France  obtained  from  Germany  all  their 
Spiegel. 

From  1864  to  the  present  time,  the  St.  Louis  furnaces  have  been 
advancing  steadily  the  percentage  of  manganese  in  their  product. 
From  ferromanganese  of  thirty  per  cent,  they  had  arrived,  about 
two  years  ago,  at  a  product  containing  seventy  to  seventy-five  per 
cent.,  and  for  some  time  past  they  have  been  turning  out  what,  as 
M.  Jordan  remarks,  may  fairly  be  termed  fonte  de  manganese,  or 
manganese  pig,  instead  of  iron,  since  the  percentage  of  iron  it  con- 
tains is  not  more  than  8.5,  while  the  percentage  of  manganese  is 
85,  or  ten  times  as  great.  This  very  high  grade  material  has  a  pe- 
culiar appearance,  entirely  different  from  that  of  ordinary  cast  iron 
or  Spiegel.  It  is  granular,  and  steely  gray  in  color.  The  following 
analyses,  communicated  to  the  Societe  des  Ingcnieurs  Civils,  by  M. 
Jordan,  show  the  composition  of  various  products  of  the  St.  Louis 
furnaces : 
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Iron,   .     .     . 

Lamellar 
pig- 
.     90.070 

Spiegeleisen. 

A.                    B. 

*83.958       *7.5.562 

Ferromanganese. 

A.                 B. 

*54.436        8.550 

Gray  steely 
pig- 
*89.029 

Manganese, 

.       4.fi40 

10.9S0 

18  500 

39.900 

84.960 

3.310 

Total  carbon, 

.       3.6-27 

4.410 

5.7-50 

5.450 

5.700 

4.900 

Silicon,    .     . 

.       l.S.'o 

0  690 

0.168 

0.186 

0.660 

2.740 

Sulphur, 

.       0.048 

0.010 

0.005 

0.008 

0.035 

0.006 

Phosphorus, 

traces 

0.002 

0.015 

0.020 

0.005 

0.015 

99.710    100.000   100.000 


100.000   99.910 


100.000 


Tliese  analyses,  at  least  in  the  absence  of  details  as  to  the  method 
of  manufacture,  do  not  reveal  any  law  as  to  the  percentage  of  other 
ingredients  besides  manganese  and  iron.  The  total  carbon  is  practi- 
cally the  same  for  18  per  cent,  manganese  as  for  85  per  cent.  This 
might  perhaps  be  inferred  from  the  chemically  similar  behavior  of 
manganese  and  iron.  The  increase  in  the  proportion  of  silicon  in 
the  B  ferromanganese  might  be  ascribed  to  the  very  high  tempera- 
ture of  reduction, and  fusion;  but  spiegeleisen  A,  containing  only 
10.9  per  cent,  of  manganese,  is  even  more  silicious,  though  the  in- 
tervening products  are  notably  less  so.  The  variations  in  phospho- 
rus are  scarcely  of  practical  importance,  since  the  amount  of  high- 
grade  Spiegel  or  ferromanganese  added  in  the  converter  or  open 
hearth  is  not  large  enough  to  contribute  from  material  so  nearly  free 
from  phosphorus  as  this  any  appreciable  amount  to  the  steel.  In 
fact  all  these  analyses  show  less  phosphorus  than  the  metal  bath  be- 
fore the  addition  of  spiegel  usually  contains.  Much  higher  propor- 
tions of  phosphorus  might  easily  be  carried,  and  are  carried  by  ferro- 
manganese without  sensible  detriment. 

M.  Jordan  says  that  the  reduction  of  oxide  of  manganese  is  diffi- 
cult, requiring  very  high  temperature  and  a  considerable  consump- 
tion of  fuel.  A  furnace  producing  50  to  60  tons  daily  of  the 
"  steely  gray  pig "  referred  to  in  the  above  table,  could  produce 
of  the  manganese  pig  not  more  than  20  to  24  tons. 

DISCUSSION. 

Mr.  HoLLEY  said  that  while  he  could  not  then  give  the  costs  of 
the  spiegels  of  various  grades,  he  knew  that  in  the  Bessemer  rail 
manufacture  certainly  those  low  in  manganese  were  the  cheapest, 
provided  the  steels  were  malleable  with  ordinary  percentages  of  man- 
ganese. Some  iron  produced  a  steel  which  would  crack  in  rolling 
unless  a  high  percentage  of  manganese  was  present.     One  reason 
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why  the  low  manganese  spiegels  are  cheapest  for  ordinary  rail  steels 
is  that  the  large  amount  of  iron  they  contain  is  reproduced  as  steel 
with  the  slight  loss  due  to  meltings  while  the  iron  that  forms  the 
bath  has  to  stand  the  loss  of  conversion  also.  Ferromanganese, 
rich  in  manganese,  is  necessarily  used  for  soft  steels  in  both  the  open 
hearth  and  in  the  converter.  These  steels,  boiler-plate  for  instance, 
must  be  low  in  carbon.  Adding  low  spiegel  enough  to  give  them 
the  manganese  that  will  make  them  malleable  would  give  them  too 
much  carbon.  One  other  thought  occurs  in  this  connection.  Melt- 
ing spiegels  by  the  barbarous  methods  usually  employed  in  our  Bes- 
semer works,  oxidizes  the  manganese  largely,  and  the  richer  they 
are  in  this  substance,  the  greater  its  loss,  as  manganese  is  the  most 
oxidizable  of  all  the  ingredients.  We  melt  the  spiegel  in  ordinary 
reverberatories  or  in  cupolas  which  is  less,  but  quite  wasteful.  Mr. 
Fritz  has  the  best  system  of  melting — a  gas  furnace — but  even  this 
oxidizes  some  two  per  cent,  of  the  manganese  in  ordinary  spiegel. 
At  West  Cumberland,  England,  a  truly  scientific  arrangement  is 
adopted — a  cage  containing  the  pre-heated  spiegel,  is  suspended  just 
over  the  mouth  of  the  vessel.  When  the  blowing  is  completed  the 
spiegel  is  dropped  out  of  the  cage  into  the  vessel,  and  while  the  ves- 
sel is  turning  down,  it  is  thoroughly  mixed  with  the  bath.  When 
the  spiegel  is  thrown  into  the  vessel  after  turning  down,  it  gets  en- 
tangled in  the  slag  and  is  not  likely  to  be  thoroughly  incorporated 
with  the  bath.     This  improvement  ought  to  be  generally  adopted. 

Mr.  Fritz  said  that  at  Bethjehem  ferromanganese  was  thrown 
into  the  vessel  and  so  was  not  wasted  by  melting.  When  ordinary 
spiegel  was  used,  this  was  not  done,  on  account  of  the  difficulty 
of  pre-heating  the  larger  quantity  required,  so  as  not  to  chill  the 
bath. 
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NOTE  UPON  THE  COST  OF  CONSTBUCTION  OF  THE  CON- 
VERTING WORKS  OF  THE  EDGAR  THOMSON  STEEL 
COMPANY,  OF  PITTSBURGH,  PA.,  1873-75. 

BY  P.    BARNES,    PLAINFIELD,    N.  J. 

(Read  at  the  Philadelphia  Meeting,  February,  1S78.) 

Some  statements  have  already  been  made  to  the  Institute  in  ref- 
erence to  the  cost  of  other  departments  of  the  above-named  works, 
and  some  details  have  been  given  in  tabular  form.* 

For  the  purpose  of  the  present  paper  it  may  be  sufficient  to  say 
that  this  converting  works  is  made  up  of  three  buildings,  a  cupola- 
house,  an  engine-house,  and  a  converting-house. 

The  machinery  and  fixtures  comprise  two  blowing-engines,  two 
pressure-pumps,  two  five-ton  converters,  five  hydraulic  cranes,  three 
pig-iron  cupolas,  four  spiegel  cupolas,  two  lifts  for  the  cupolas,  to- 
gether with  the  usual  arrangements  of  smaller  parts. 

Every  effort  was  made  in  the  construction  to  combine  efficiency 
of  operation  with  durability,  and  the  general  course  of  the  opera- 
tion of  the  works  during  two  and  a  half  years  seems  to  warrant  the 
belief  that  the  large  outlay  has  been  fully  justified. 

In  the  accompanying  tabular  statement  all  items  on  vouchers  less 
than  ten  dollars,  and  all  freight  items  have  been  omitted. 


*  See  Transactions  of  the  Institute,   iv,  105,  v,  427  ;    also,  Engineering  and 
Mining  Journal,  vol.  xxi,  501,  xxiii,  p.  439,  xxiv,  419. 
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NOTE  UPON  THE  ''BLUE''  PROCESS  OF  COPYING 
TRACINGS,  ETC. 

BY  P.  BARNES,  PLAINFIELD,  N.  J. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

It  may  be  of  interest,  and  perhaps  of  importance,  to  the  members 
of  the  Institute  that  specific  mention  should  be  made  in  detail  of  the 
great  value  of  this  method  of  copying  or  photographing  all  kinds  of 
tracings.* 

Several  samples  are  laid  upon  the  table  which  may  serve  as  illus- 
trations of  the  results  obtained.  Some  of  these  show  slight  imper- 
fections, depending  upon  the  character  of  the  tracing,  and  upon  the 
length  of  the  exposure  to  the  light,  but  it  may  be  clearly  seen  that 
even  a  faint  copy. would  be  quite  available  for  actual  use. 

The  process  is  believed  to  be  of  French  origin,  and  has  been  used 
for  many  years.  Special  attention  seems  to  have  been  directed  to  it 
recently,  and  its  great  value  to  engineers  appears  likely  to  be  fully 
recognized. 

The  manipulations  required  are  of  the  simplest  possible  kind,  and 
are  entirely  within  the  skill  and  comprehension  of  any  office  boy 
who  can  be  trusted  to  copy  a  letter  in  an  ordinary  press. 

These  particulars  may  be  summarized  somewhat  thus : 

1.  Provide  a  flat  board  as  large  as  the  tracing  which  is  to  be  copied. 

2.  Lay  on  this  board  two  or  three  thicknesses  of  common  blanket, 
or  its  equivalent,  to  give  a  slightly  yielding  backing  for  the  paper. 

3.  Lay  on  the  blanket  the  prepared  paper  with  the  sensitive  side 
uppermost. 

4.  Lay  on  this  paper  the  tracing,  smoothing  it  out  as  perfectly  as 
possible  so  as  to  insure  a  perfect  contact  with  the  paper. 

5.  Lay  on  the  tracing  a  plate  of  clear  glass,  which  should  be 
heavy  enough  to  press  the  tracing  close  down  upon  the  paper.  Or- 
dinary plate-glass  of  f "  thickness  is  quite  sufficient. 

6.  Expose  the  whole  to  a  clear  sunlight,  by  pushing  it  out  on  a 
shelf  from  an  ordinary  window,  or  in  any  other  convenient  way,  for 
six  to  ten  minutes.  If  a  clear  skylight  only  can  be  had,  the  ex- 
posure must  be  continued  for  thirty  or  forty-five  minutes,  and  under 
a  cloudy  sky,  sixty  to  ninety  minutes  may  be  needed. 

*  The  introduction  of  this  process  into  the  United  States  is  due  principally  to 
Mr.  A.  L.  Holley,  who  first  drew  the  attention  of  American  cngi;ieers  to  its 
simplicity  and  convenience.  Mention  was  also  made  of  the  process  at  the  meet- 
ing of  the  Institute  in  New  York,  in  February,  1877,  by  Mr.  Ogden  Haight. 


198  ''blue"  process  of  copying  tracings. 

7.  Remove  the  prepared  paper  and  drench  it  freely  for  one  or  two 
minutes  in  clean  water,  and  hang  it  up  by  one  corner  to  dry. 

Any  good  hard  paper  may  be  employed  (from  even  a  leaf  from  a  press 
copy-book  up  to  Bristol  board)  which  will  bear  the  necessary  wetting. 

For  the  sensitizing  solution  take  1|  oz.  citrate  of  iron  and  ammo- 
nia and  8  oz.  clean  water;  and  also,  1 J  oz.  red  prussiate  of  potash  and 
8  oz.  clean  water;  dissolve  these  separately  and  mix  them,  keeping  the 
.solution  in  a  yellow  glass  bottle,  or  carefully  protected  from  the  light. 

The  paper  may  be  very  conveniently  coated  with  a  sponge  of  four 
inches  diameter,  with  one  flat  side.  The  paper  may  be  gone  over 
once  with  the  sponge  quite  moist  with  the  solution,  and  a  second 
time  with  the'sponge  squeezed  very  dry.  The  sheet  should  then  be 
laid  away  to  dry  in  a  dark  place,  as  in  a  drawer,  and  must  be  shielded 
from  the  light  until  it  is  to  be  used.  When  dry  the  paper  is  of  a  full 
yellow  or  bronze  color;  after  the  exposure  to  the  light  the  surface 
becomes  a  darker  bronze,  and  the  lines  of  the  tracing  appear  as  still 
darker  on  the  surface.  Upon  washing  the  paper  the  characteristic 
blue  tint  appears,  with  the  lines  of  the  tracing  in  vivid  contrast. 

It  will  readily  be  seen  that  the  process  is  strictly  photographic,  in 
the  ordinary  sense  of  the  word — the  tracing  taking  the  place  in  the 
printing  of  the  ordinary  glass  negative.  Hence  all  details  are  closely 
reproduced,  even  to  the  texture  or  threads  of  the  tracing-cloth. 

A  working  drawing  thus  made  furnishes  its  own  background,  and 
does  not  require  to  be  placed  over  a  white  ground,  as  is  often  the 
case  with  a  tracing.  If  desired  the  copy  can  be  made  upon  common 
bond  paper,  which  can  be  mounted  uj)on  a  board  in  the  usual  way. 

Inasmuch  as  such  copies  can  be  made  from  tracings  only,  it  may 
be  well  to  suggest,  and  urge,  that  drawings  can  be  completed  or 
nearly  so  in  pencil  upon  paper  in  the  usual  way,  and  that  all  the 
inking  can  be  done  upon  tracing-cloth  laid  upon  the  pencil-work. 
In  this  way  the  cost  of  the  tracing  (in  the  ordinary  sense)  can  be 
wholly  saved,  and  the  single  copy  of  the  finished  tracing  can  thus  be 
made  in  the  "blue"  way  to  the  best  possible  advantage. 

It  may  safely  be  said  that  this  method  of  copying  can  be  employed 
if  only  one  or  two  copies  per  week  are  needed  of  ordinarily  complex 
drawings,  with  excellent  results  and  with  a  very  important  saving 
of  time  and  money. 

A  ready  means  of  adding  to  or  correcting  the  blue  copies  may  be 
found  in  the  use  of  a  solution  of  carbonate  of  soda  or  potash,  used 
with  a  pen  or  brush. 

February  23cl,  1878. 
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THE  ECONOMY  EFFECTED  BY  THE  USE  OF  RED 
CHARCOAL. 

BY  B.  FERNOW,  BROOKLYN,  K.  Y. ,  LATE  MEMBER  OF   THE  PRUSSIAX 
FOREST   DEPARTMENT. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

The  question  of  preserving  the  forests  in  this  country  is  an  impor- 
tant one,  not  only  to  trades  using  wood  but  to  the  whole  nation,  and 
though  agitated  for  many  years  has  not  received  that  general  consid- 
eration which  its  broad  bearing  demands. 

Those  who  are  interested  in  and  working  for  reform  in  the  treat- 
ment of  American  forests  are  looking  to  the  government  for  help, 
suggesting  the  creation  of  a  commission  to  study  the  conditions  of 
forests  at  home  and  abroad,  and  hope  that  a  sound  system  of  manag- 
ing the  woodlands  will  be  thereby  inaugurated.  This  reform  will 
cost  time  and  money,  all  the  more  because  the  government  can 
bring  to  bear  upon  private  owners  hardly  any  power  but  that  of 
good  example  and  encouragement. 

There  is,  however,  another  aspect  of  the  question  to  which  I  wish 
to  draw  your  attention,  namely ;  the  more  economical  use  of  the 
valuable  material  which  our  forests  oflPer,  a  more  careful  and  ex- 
haustive utilization  of  its  constituents  in  all  cases  where  wood  or  its 
products  are  applied. 

The  wasteful  consumption  of  wood  in  the  United  States  is  in 
every  way  so  enormous  as  to  justify  the  statement  that  by  merely 
adopting  an  economical  husbandry  in  this  particular  the  destruction 
of  forests  might  be  delayed  for  many  years,  while  the  neglect  of 
this  imperatively  needed  and  immediately  practicable  reform  deprives 
legislative  remedies  of  much  of  their  value.  In  this  regard  I  wish 
to  draw  the  attention  of  metallurgists,  especially  those  who  are  in- 
terested in  the  manufacture  of  charcoal  iron,  to  a  more  economical 
and  profitable  use  of  wood  in  iron  manufacture. 

For  thousands  of  years  of  human  history  wood  was  the  main, 
nay,  the  only  material  used  for  fuel.  Mineral  coal  came  into  use 
only  in  the  fourteenth  century,  and  it  is  only  recently  that  it  has 
largely  displaced  its  less  carbonaceous  predecessor  as  fuel. 

The  art  of  concentrating  carbon  in  the  form  of  charcoal  for  easier 
transportation  and  readier  use  in  distant  places  was,  according  to 
Pliny,  known  to  the  ancients  long  before  Christ,  and  was  practiced 
in  all  countries,  especially  in  connection  with  the  iron  manufacture. 
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Nevertheless,  important  as  the  material  and  extended  as  its  use  has 
been,  hardly  any  progress  has  been  made  in  developing  the  art  of 
charcoal-making  down  to  the  present  time,  and  the  charcoal-burner 
of  to-day  is  scarcely  in  advance  of  his  predecessor  of  two  thousand 
years  in  the  method  of  treating  wood  to  obtain  a  better  and  larger 
yield.  Of  course  attempts  have  been  made  to  bring  the  process  to  a 
more  scientific  basis,  but  all  the  improvements  have  not  amounted  to 
enough  to  give  perfect  control  of  the  process  to  the  burner  or  to 
secure  a  larger  yield  of  empyreumatic  products. 

"  Meiler  "  charring  (or,  as  it  is  called  in  this  country,  burning  in 
pits),  with  its  dependence  upon  weather  and  good  luck,  its  uncer- 
tainty of  a  long  period  of  burning,  and  many  otiier  inconveniences, 
it  is  still  claimed,  gives  the  best  results,  and  only  reasons  outside 
the  process  itself  have  led  to  the  more  general  use  of  kilns,  which 
are  said  to  give  a  weaker  charcoal  and  a  smaller  yield. 

To  economize  in  another  direction,  namely,  by  collecting  the  by- 
products lost  during  the  process  of  meiler-charring,  various  con- 
trivances have  been  proposed.  Some  of  these  are  employed  with  good 
effect,  though  not  without  injury  to  the  final  product,  the  charcoal, 
which  generally  is  rendered  less  valuable  by  such  processes.  In  this 
country  so  far  as  I  can  ascertain  no  pains  are  ordinarily  taken  to 
utilize  these  by-products,  though  it  would  be  easy  to  do  so,  since 
the  use  of  kilns,  which  facilitates  the  collection  of  the  by-products, 
is  more  common  here  than  in  the  old  countries.  But,  as  above  re- 
marked, in  operating  for  these  by-products  the  main  product,  char- 
coal, is  generally  neglected  and  it  is  mostly  of  a  weaker  quality. 

The  general  results  obtained  by  the  manufacturers  who  distil 
wood  with  the  greatest  precaution  in  closed  vessels,  and  who  have 
in  view  the  utilization  of  all  the  products  resulting  from  the  opera- 
tion, may  be  expressed  for  100  parts  of  wood,  thus  : 

Charcoal, 26  parts. 

Pyroligneous  acid  and  water,  .         .         .         .         .         .  30      " 

Tar, 7      " 

Carbonic  acid    and   carbonic    oxide,  hydrocarbons   and 

uncondeiised  water,        .         .         .         .         .         .         .  37      " 

100     " 

If  to  these  numbers  be  added  the  weight  of  wood  necessary  as 
fuel  to  effect  the  distillation,  about  12|  parts,  the  results  will  agree 
well  with  what  is  arrived  at  in  burning  for  charcoal. 

These  results  agree  pretty  closely  with  those  of  theoretical  calcu- 
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lation,  by  which  it  is  found  that  to  expel  the  oxygen  and  hydrogen 
contained  in  112.5  parts  of  wood  together  with  the  moisture,  which 
altogether  amounts  to  about  67|  parts,  about  4.50  parts  of  charcoal 
are  required.  But  practically  much  of  the  carbon  is  carried  away 
in  the  gases,  so  that  8|  to  9  parts  of  carbon  are  lost  in  the  charring 
of  the  above-named  quantity  of  wood.  These  figures  show  that 
no  very  considerable  improvement  towards  producing  a  larger  yield 
of  carbon  can  be  made  upon  the  common  method,  which  if  carried 
on  carefully  yields  from  25  to  27  per  cent,  of  the  weight  of  the  origi- 
nal material. 

To  two  Frenchmen,  Sauvage  and  Berthier,  is  due  the  first  essen- 
tial step  towards  producing  a  better  fuel  in  larger  quantity  by  the 
process  of  charring.  Although  their  discoveries  were  made  just 
forty  years  ago,  and  have  found  acceptance  in  France,  in  Belgium, 
and  in  parts  of  Germany,  it  is  strange  that  in  this  country  the  very 
name  of  the  new  product  seems  to  be  unknown  to  many  users  of 
charcoal.  The  material  to  which  I  allude  is  known  under  the  name 
of  red  charcoal,  charbon  i^oux  of  the  French,  Rothholdc  in  German. 

Sauvage  found  by  experiments  that  a  jierfectly  charred  coal  does 
not  give  the  largest  quantity  of  combustible  matter  in  the  smallest 
volume,  but,  on  the  contrary,  that  this  relative  quantity  increases  to 
a  certain  point  of  the  process  and  then  begins  to  decrease.  After 
the  process  had  been  conducted  for  5|  hours  he  claimed  to  have 
attained  the  greatest  yield  of  combustible  matter. 

His  results  Avere  as  follows : 

Wood  charred  for    . 

100  kilograms  weighed,     . 

100  cb.  m.  measured  respectively, 

A  volume,  equal  to  a  volume  of  wood, 
containing  908  parts  by  weight  of 
combustible  matter,  yielded,  .         .         883       904     1133     1091     1136      109G 

Difference  in  per  cent,  from  combus- 
tible matter  in  an  equal  volume  of 
wood, —2.75— 0.44+24  78+20  15+-25.21+20.81 

After  five  and  a  half  hours  the  water  and  acetic  acid  are  evap- 
orated, and  the  product  is  an  imperfectly  charred  coal  of  dark  red 
or  brown  color.  This  product,  without  water  and  acetic  acid,  still 
contains  the  tar  and  combustible  gases,  both  of  which  contribute  to 
a  higher  heating  capacity. 

A  simple  calculation  shows  in  what  degree  this  higher  heating 

*  This  result  is  rather  low  for  good  practice. 
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capacity  is  possessed  by  the  red  charcoal.  Practically  100  kg.  of 
air-dried  wood  may  be  said  to  contain  40  kg.  of  carbon,  40  kg,  of 
water  chemically  combined,  and  20  kg.  of  hygroscopic  water ;  com- 
puting the  centigrade  heat  unit  of  carbon  at  8080  and  deducting  for 
the  evaporation  of  60  per  cent,  water,  32,400  heat  units,  we  find  in 
this  compound  of  combustible  matter  290,800  effective  heat  units. 

From  this,  if  hard  wood  is  taken  and  treated  in  an   oven,  there 
can  be  got 

26  kg.  of  charcoal  @  7640  heat  units,        .         .         .     108,640  heat  units. 
7  k?.  of  tar  @  4547,  u         u  ...       31,829 

2.5  kg.  of  cone,  acetic  acid  @  3213  heat  units,         ,         8,003  " 


Total,         ....     238,472         " 

Therefore  to  make  up  the  original  290,800  heat  units,  50,328 
heat  units  must  be  reckoned  as  lost  in  the  gases  during  the  process. 

This  last  amount  is  retained  and  the  acetic  acid  is  removed  in 
the  production  of  red  charcoal.  In  this  way,  of  the  forty  per  cent. 
loss  of  combustible  matter  which  accompanies  the  customary 
methods  of  charcoal  burning,  over  thirty  per  cent,  are  saved,  and 
made  available  as  heat-protlucing  material,  since  the  red  charcoal 
affords : 

i 

From  coal, 198,640  heat  units. 

"     tar, 81,829      "       " 

"     combustible  ga.^e.s,    .         .         .  50,328      "       " 


Total,  .         .         .     280,797      "       " 

In  other  words,  this  fuel  retains  ffths  of  the  heating  value  of  the 
wood,  while  charcoal  represents  only  l^ths,  since  the  value  of  the  gases 
lost  is  equal  to  /yths  of  the  raw  material,  representing  \  of  the  value 
of  the  charcoal,  and  to  this  must  be  added  the  heating  value  of  the 
tar  gases,  o^gths  of  the  raw  material  or  g^ths  of  the  charcoal. 

That  it  is  more  profitable  to  preserve  this  heating  capacity  in  the 
fuel  itself,  than  to  conduct  the  charring  so  as  to  waste  and  injure 
the  fuel  in  order  to  obtain  the  gaseous  products  for  other  purposes, 
experience  has  proved  in  most  parts  of  Germany,  and  is  most  evident 
in  this  country,  where  the  transportation  of  the  cheap  products  over 
country  roads  would  consume  all  the  profits. 

The  weight  of  the  fuel  on  the  contrary  increases  over  thirty  per 
cent,  by  gaining  over  thirty  j)er  cent,  heating  j)owcr;  and  there  is  a 
gain,  moreover,  of  nearly  ten  per  cent,  in  material,  which  during  the 
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transportation  of  the  more  friable  common  charcoal  is  lost  as  coal 
dnst.  This  gain  is  made  without  any  extra  expense  except  in  the 
first  cost  of  the  plant. 

No  mode  of  burning  red  charcoal  in  meilers  or  pits  has  yet  been 
found.  Where,  however,  as  in  many  or  most  parts  of  this  country 
the  charring  is  done  in  kilns,  only  a  very  simple  arrangement  is 
needed  for  conducting  the  process  so  as  to  obtain  the  red  charcoal. 

The  gases  developed  by  the  use  of  this  material  in  blast  furnaces 
are  made  available  together  with  the  rest  of  the  furnace  gases,  and 
thus  not  a  small  saving  of  fuel  is  effected. 

The  relation  of  the  total  saving  to  the  amount  of  fuel  now  used 
may  be  seen  from  the  following  figures  taken  from  Wedding's  report 
on  the  iron  manufacture  in  the  United  States: 

For  the  production  of  1000  kg.  of  iron,  say  1500  kg.  of  charcoal 
are  used,  or  for  the  total  product  of  charcoal  iron  in  the  years  1873-75 
(520,000  tons),  780,000,000  kg.  (1,560,000,000  lbs.)  of  charcoal,  on 
which  was  lost  at  least  gths  of  the  heating  value,  equal  to  31 2,000,000 
kg.  (624,000,000  lbs.),  or  about  31,200,000  bushels,  to  produce  which 
at  least  50,000  acres  of  woodland  are  required. 

This  figure  may  appear  small  in  a  country  where  the  waste  is 
generally  counted  by  millions,  but  if  we  consider  this  amount  as  the 
interest  of  say  1,500,000  acres  of  woodland  under  well-regulated 
forest  management  with  a  turn  of  thirty  years,  we  see  that  by  this 
loss  a  capital  of  at  least  three  million  dollars  is  taken  out  of  circu- 
lation, besides  what  has  been  spent  unnecessarily  in  the  greater  cost 
of  the  smaller  product  of  charcoal,  which  represents  another  two 
million  dollars  lost  yearly. 

I  am  informed  that  some  of  the  charcoal  furnaces  at  Lake  Superior 
employ  coal  not  completely  charred,  and  obtain  unusually  good 
economy  of  fuel,  but  I  am  not  aware  that  any  precise  account  has 
been  published.  It  would  be  very  beneficial  to  other  districts,  and 
perhaps  to  their  own,  if  the  Lake  Superior  operators  would  make 
public  all  the  particulars  of  this  practice.  Perhaps  it  would  be 
found  that  they  have  stumbled  upon  an  imperfect  cliarbon  roux, 
and  that  by  its  more  systematic  use  they  could  achieve  still  better 
results. 

Another  fact,  which  points  in  the  same  direction,  is  the  common 
practice  at  American  charcoal  furnaces  of  throwing  in  at  the  tunnel 
head  not  merely  half-burned  brands,  but  wood.  It  is  possible,  that 
the  latter  added  in  small  quantity  becomes  red  charcoal  before  reach- 
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ing  the  tuyeres;  but  the  economy  of  perfornung  the  charring  in  the 
furnace  may  be  doubted. 

DISCUSSION. 

The  President  remarked  that  he  had  seen  wood  charged  in 
Canada  charcoal  blast  furnaces  to  the  extent  of  half  the  fuel,  and  re- 
membered that  Mr.  Thomas  Macfarlane,  a  member  of  the  Institute, 
had  published,  some  ten  years  ago,  figures  to  show  that  this  practice 
secured  a  gain  in  economy.  He  had  supposed  that  in  that  case  the 
wood  became  half-charred  ;  in  fact,  a  sort  of  charbon  roux  in  its 
descent  through  the  furnace. 

Mr.  AViLLiAM  Kent  inquired  whether  Mr.  Fernow  could  say 
whether  actual  gains  had  been  reported  from  the  use  of  red  charcoal 
in  the  blast  furnace  in  Germany.  If,  as  stated,  this  material  con- 
tained tar  and  other  hydrocarbons,  would  it  not  be  analogous  to 
bituminous  coal,  which  requires  to  be  coked  before  use,  because  the 
vaporization  of  these  hydrocarbons  in  the  furnace  causes  a  direct 
loss  of  heat  ? 

Mr.  Fernow  replied  that  he  knew  of  one  furnace  in  the  Hartz 
which  employed  the  charbon  roux  advantageously  in  iron  smelting. 
In  the  manufacture  of  gunpowder  it  was  decidedly  preferred. 

Mr.  John  Birkinbine  remarked  upon  the  great  importance  of 
this  subject,  not  merely  witli  respect  to  the  waste  of  material,  but 
also  with  respect  to  the  climatic  changes  which  the  removal  of  the 
forests  caused.  The  rate  at  which  this  devastation  went  on  in  the 
charcoal  iron  industry  is  evident  from  the  fact  that,  according  to 
calculations  which  he  had  made,  from  data  collected  at  a  number  of 
these  furnaces,  a  charcoal  furnace  clears  annually  two  acres  of  wood- 
land, of  average  present  (second)  growth,  for  each  bushel  of  charcoal 
consumed  per  week.  That  is,  a  furnace  consuming  one  hundred 
bushels  of  charcoal  to  produce  one  ton  of  pig  iron  (this  is  generally 
considered  very  good  work),  and  having  an  output  of  one  hundred 
tons  per  week,  would  require  a  tract  of  twenty  thousand  acres  to 
maintain  it  in  blast.  There  are  exceptional  cases  where  the  growth 
of  the  timber  or  the  character  of  the  wood  would  produce  a  yield  per 
acre  much  in  excess  of  the  average  employed  in  these  calculations. 
But  making  proper  allowances  for  the  loss  by  mountain  fires,  and 
averaging  the  growth  and  quality  of  the  timber  of  the  charcoal  fur- 
naces and  forges  now  existing,  an  acre  will  not  yield  over  thirty 
bushels  of  eighteen  pounds  each,  per  annum,  for  a  continuous  industry. 
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Dr.  R.  W.  Raymond  said  he  remembered  a  conversation  with 
Prof.  Church,  in  wliich  the  peculiar  charcoal  used  by  the  Lake  Su- 
perior furnaces  was  discussed,  and  Prof.  Church  expressed  the  de- 
cided opinion  that  it  gave  results  in  the  blast  furnace  superior  to 
ordinary  black  charcoal.  There  was  no  doubt  that  this  Lake  Su- 
perior charcoal  was  in  some  way  prepared  so  as  to  retain  a  part,  at 
least,  of  the  hydrocarbons  of  the  wood  ;  and  the  favorable  verdict  of 
experience  with  it  would  perhaps  serve  to  answer  the  objection  which 
Mr.  Kent  had  suggested. 

Mr.  Fernow,  in  pointing  out  an  economy  which  tends  to  the  pres- 
ervation of  the  forests,  had  taken  a  new  and,  he  thought,  a  wise 
direction  in  this  question.  Mr.  Fernow  deserved  special  credit,  be- 
cause he  did  not  propose  legislative  interference  and  the  introdwction 
of  restrictive  laws,  a  subject  on  which  he  is  particularly  qualified  to 
speak,  and  a  recommendation  which  might  have  been  expected  from 
him  as  a  late  member  of  the  Prussian  Forest  Department. 

Under  our  institutions,  and  at  the  present  time,  it  would  be  ex- 
tremely difficult  to  devise  or  enforce  general  restrictive  laws  as  to 
the  waste  of  forests.  The  government  might  and  should  protect  its 
own  lands  from  robbery ;  but  as  to  private  property,  so  long  as 
cleared  land  was  actually  worth  more  in  the  mai'ket  than  woodland 
(as  was  still  the  case  in  many  instances),  it  might  be  said  that  the 
time  for  restricting  by  law  the  cutting  down  of  timber  had  not  ar- 
rived. Certainly  it  was  a  more  immediate  necessity  to  show  to 
citizens  themselves  that  they  could  utilize  with  profit  a  larger  part 
of  the  product  of  the  forest.  He  had  been  informed  that  in  the 
State  of  New  York  there  were  a  number  of  establishments  distilling 
wood  for  the  manufacture  of  pyroligneous  and  acetic  acid,  and  throw- 
ing away  the  charcoal  for  want  of  a  purchaser. 

Mr.  BiRKiNBiNE  asked  if  the  charcoal  so  made  approximated  in 
quality  to  that  burned  in  pits. 

Mr.  Raymond  said  it  was  not  as  good.  The  kilns  produced  a 
larger  quantity  of  inferior  quality. 

Mr.  Gridley  said  that  pits  produced  about  100  bushels  from  2J 
cords  of  wood,  while  kilns  required  for  the  same  product  but  two 
cords.  He  would  like  further  information  as  to  the  method  of 
manufacturing  the  red  charcoal. 

Mr.  Fernow  said  that  the  principle  in  preparing  red  charcoal  in 
kilns  was  to  have  a  separate  outside  source  of  heat,  which  is  sent 
through  the  charge  by  means  of  iron  flues  or  by  clay  flues  at  the 
bottom, of  the  kiln,  through  which  the  heated  air  comes  in  contact 


206  ON   THE    USE   OF    RED    CHARCOAL 

with  the  charge  by  means  of  openings.  Precautions  must  also  be 
taken  to  allow  the  condensed  water  and  acid  to  escape  from  the  bot- 
tom. The  temperature  at  which  the  formation  of  the  red  charcoal 
takes  place  is  350°  centigrade. 

He  added  that  he  would  like  to  explain  briefly  his  views  in  regard 
to  government  superintendence  in  the  matter  of  forestry,  which  had 
been  alluded  to  by  Dr.  Raymond.  Although  not  an  advocate  of  the 
enactment  of  laws  for  which  no  basis  has  been  laid,  he  w'as  by  no 
means  opposed  to  the  idea  of  government  interference  in  regard  to 
the  preservation  of  forests.  On  the  contrary  he  was  convinced  that 
it  was  the  highest  duty  of  the  government  to  establish  the  basis  for 
such  legislation.  He  was  convinced  also  that  the  time  for  action  had 
arrived,  and  that  it  is  dangerous  to  wait  until  the  financial  aspect  of 
the  matter  had  made  itself  conspicuous  ;  he  held  that  the  climato- 
logical  influence  of  the  woodlands,  the  existence  of  which  is  now  un- 
doubtedly established,  was  a  much  stronger  reason  for  governmental 
interference  than  any  commercial  question  whatever.  Finally,  he 
expressed  his  thanks  for  the  warm  interest  which  the  subject  of 
forestry  had  found  in  the  Institute. 


ON  THE  USE  OF  BED  CHABCOAL  US'  THE 
BLAST  FUBNACE. 

BY   WILLIAM  KENT,   M.    E.,    PITTSBURGH,   PA. 

(Read  at  tbe  Philadelphia  Meeting,  February,  1878.) 

In  the  paper  by  Mr.  Fernow,  on  Red  Charcoal,  read  at  the  first 
session  of  this  meeting,  it  was  suggested  that  this  fuel  might  be  used 
in  the  blast  furnace  with  greater  economy  than  ordinary  or  black 
charcoal.  In  the  discussion  which  followed  the  paper,  it  was  stated 
that  the  charcoal  furnaces  of  the  Lake  Superior  District  have  used 
imperfectly  burned  charcoal  with  success,  and  that  these  furnaces 
have  given  the  best  results  in  fuel  economy  on  record. 

On  consulting  some  of  our  well-known  metallurgical  authorities 
the  writer  finds  that  the  question  of  the  use  of  red  charcoal,  or  other 
imperfectly  burned  charcoal,  or  charred  wood,  is  not  at  all  new.  In 
Percy's  late  work  on  Fuel,  pages  409-414,  are  given  a  few  facts, 
which  are  here  condensed,  as  follows : 
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Sauvage  reports  in  1836  that  an  apparatns  was  constructed,  over 
the  mouth  of  the  bhist  furnaces  at  an  iron  works  in  Northern  France, 
for  partially  charring  wood.  From  Sauvage's  figures  it  would  ap- 
pear that  a  saving  was  made  by  using  a  mixture  of  the  partially 
charred  wood,  or  "  brown  charcoal,"  as  it  is  called,  with  black  char- 
coal. The  scanty  results,  however,  says  Percy,  are  far  from  suffi- 
cient to  lead  to  any  trustworthy  conclusion  on  the  subject. 

Guenyveau,  formerly  Professor  of  Metallurgy  at  the  Ecole  des 
Mines,  in  Paris,  reports  that  in  several  iron  works  very  good  results 
were  obtained  by  the  use  of  what  he  calls  semi-carbonized  wood, 
but  that  at  other  works  the  results  were  not  equally  satisfictory, 
though  no  reason  could  be  assigned  for  this  difference.  From  a 
comparison  of  results  obtained  at  several  furnaces  he  inferred  that 
one-third  of  the  wood  might  be  saved  by  the  use  of  brown  charcoal 
exclusively.  But,  after  having  thus  reported,  he  adds  that  he  was 
assured  that  the  advantage  derived  from  the  use  of  brown  charcoal 
was  proportionate  to  the  degree  of  charring,  or,  what  is  the  same 
thing,  to  its  approximation  to  black  charcoal ;  and  instead  of  heat- 
ing the  wood  during  four  or  five  hours,  it  was  found  necessary  to 
continue  the  process  during  ten  hours.  Moreover,  he  remarks  that 
it  had  been  the  practice  to  reject  as  unfitted  for  blast  furnaces  any  of 
the  charcoal  found  to  be  imperfectly  charred  in  circular  piles. 

A  company  in  Mainz,  says  Percy,  at  the  present  time  prepares 
wood  for  fuel  by  heating  it  to  a  degree  sufficient  to  cause  incipient 
carbonization,  and  change  its  color  to  reddish-brown.  The  name 
Rothholz  is  given  to  this  product.  Fresenius  recommends  it  as  being 
easily  ignited,  and  therefore  an  excellent  material  for  lighting  fires; 
it  may  be  conveniently  conveyed  and  stored,  and  on  burning  pro- 
duces a  copious  flame  and  is  capable  of  developing  intense  heat. 
The?e  properties,  however,  do  not  necessarily  recommend  it  as  a  fuel 
for  blast  furnaces. 

In  concluding  his  remarks  on  these  imperfectly  prepared  charcoals, 
Percy  says  that  the  difference  in  chemical  composition  between  brown 
and  black  charcoal  is  of  itself  sufficient  to  prove  that  the  former  has  less 
heating  power  than  the  latter.  Brown  charcoal  contains  more  oxygen 
and  less  carbon  than  black.  The  main  question  remains,  he  says, 
whether  in  blast  furnaces  it  would  be  more  profitable  to  use  brown 
charcoal  than  black.  In  the  course  of  descent  in  the  furnace,  brown 
charcoal  is  converted  into  black,  or,  in  other  words,  the  carbonization 
of  wood  which  has  been  left  incomplete  is  completed  in  the  blast 
furnace.     But  this  can  only  be  done  at  the  expense  of  the  heat  con- 
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tained  in  the  gases  ascending  from  the  lower  part  of  the  furnace,  and 
consequently  the  temperature  of  these  gases  will  be  proportionately 
reduced  in  the  upper  part  of  the  furnace.  Such  reduction  in  tem- 
perature implies  corresponding  refrigeration,  not  only  of  the  fuel, 
but  also  of  the  ore  and  flux,  and  may  tend  seriously  to  interfere  with 
the  process  of  smelting. 

'  These  remarks  of  Percy  coincide  almost  exactly  with  those  of  Bell 
in  his  Chemical  Phenomena  of  Iron  Smelting,  in  reference  to  the 
use  of  raw  coal  in  the  blast  furnace.  Bell  says:  "The  use  of  raw 
coal  undoubtedly  reduces  the  temperature  of  the  escaping  gases,  but 
on  the  other  hand  they  are  increased  in  quantity,  so  that  little  heat 
would  be  available  from  this  source.  In  consequence  the  necessary 
heat  required  to  volatilize  the  gases  of  the  raw  coal,  would  have  to 
be  provided  by  burning  so  much  more  carbon  at  the  tuyeres."  He 
says  further  that  a  blast  furnace  using  22.5  cwts.  of  coke  per  ton 
of  iron,  ought,  were  its  fuel  used  uncoked,  to  consume  about  44  or 
45  cwts.  to  do  the  work.  The  view  is  confirmed  by  what  was  done 
in  the  smaller  furnaces  in  Scotland:  "It  would  seem  clear  that  the 
consumption  of  coal  required  in  the  furnace  itself  is  actually  con- 
siderably higher  when  it  is  used  raw  than  when  coked,  for  27  cwts. 
of  coke  obtained  from  coal  containing  65  per  cent,  of  fixed  carbon, 
is  only  equal  to  41.5  cwts.  of  coal  against  53  cwts.  of  the  latter  actually 
needful  for  the  process." 

Prof  John  A.  Church,  in  his  paper  in  the  Transactions,  vol.  iv,  p. 
119,  speaking  of  the  excellent  work  of  the  Bay  Furnace,  near  Mar- 
quette, Michigan,  which  used  only  1922  pounds  of  charcoal  per  ton 
of  iron,  says:  "The  fuel  used  is  charcoal,  so  burned  as  to  retain 
most  of  the  combustible  volatile  part,  which  before  the  utilization  of 
furnace  gas  was  burned  away."  It  is  to  be  regretted  that  he  does 
not  give  us  the  analysis  of  this  fuel.  Prof.  Akerman  in  his  report 
on  the  iron  manufacture  in  the  United  States,  treating  of  the  char- 
coal furnaces  of  the  Lake  Superior  district,  recently  translated  in 
Iron,  accounts  for  the  economy  of  these  furnaces  by  the  mechanical 
structure  of  the  chracoal,  but  if  I  mistake  not,  says  nothing  of  this 
charcoal  being  imperfectly  burned. 

The  use  of  brown  or  red  charcoal  in  the  blast  furnace  appears  to 
the  writer  precisely  analogous  to  the  use  of  raw  or  uncoked  coal. 
The  combustible  portion  of  the  fuel  consists  of  two  parts,  the  fixed 
carbon  and  the  vohitile  hydrocarbons.  The  office  of  a  fuel  in  the 
blast  furnace  is  twofold,  first  to  generate  heat,  secondly  to  produce 
a  iras  whicii  shall  reduce  the   oxides  of  iron   to  the   metallic  state. 
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The  hydrocarbons  in  the  blast  furnace  cannot  generate  any  heat,  as 
they  are  volatilized  in  a  zone  in  which  there  is  no  free  oxygen  to 
burn  them.  They  are  not  burned  till  after  they  leave  the  furnace. 
They  are  moreover  of  no  service  as  reducing  gases,  for  they  are 
volatilized  at  a  temperature  below  that  at  which  they  have  any  im- 
portant influence  in  reducing  the  ores.  The  reduction  of  the  ores 
probably  takes  place  in  a  zone  beneath  that  in  which  the  hydro- 
carbons are  volatilized.  They  are  therefore  useless  in  the  blast 
furnace,  or  rather  worse  than  useless,  since  their  volatilization  re- 
quires the  burning  of  an  extra  quantity  of  fixed  carbon  at  the 
tuyeres.  These  facts  would  a[)pear  to  be  conclusive  against  the 
economy  of  using  red  charcoal  in  blast  furnaces. 

In  one  case,  however,  there  may  be  an  economy  in  its  use,  namely, 
when  the  escaping  gases  from  a  furnace  usjng  black  charcoal,  are 
from  any  reason  so  highly  charged  with  carbonic  acid  that  they  do  not 
burn  well  under  the  boilers  and  in  the  hot-blast  ovens,  then  the  use 
of  a  small  proportion  of  red  charcoal,  or  of  any  fuel  containing  vola- 
tile hydrocarbons,  would  improve  the  quality  of  these  escaping  gases 
and  render  them  more  combustible. 


THE  NICKEL  OBES  OF  OBFOBD,   QUEBEC,  CANADA. 

BY  W.    E.    C.    EUSTIS,  A.B.,   S.B.,   BOSTOlSr,   MASS. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

In  September  last  I  had  my  attention  called  by  Mr.  R.  G.  Leckie 
to  a  deposit  of  nickel  in  the  township  of  Orford,  province  of  Quebec. 
In  many  ways  it  has  proved  to  be  a  subject  of  great  interest. 

As  this  ore  is,  as  far  as  I  can  learn,  entirely  new  in  mineralogy 
and  metallurgy,  it  has  seemed  to  me  that  it  would  be  a  matter  of 
interest  to  the  Institute  to  have  laid  before  it,  in  a  short  paper,  the 
peculiarities  i  have  met  with  in  studying  it. 

This  deposit  of  nickel  was  first  described  by  Dr.  T.  Sterry  Hunt, 
our  President,  in  the  Geology  of  Canada,  1863,  p.  738,  in  the  follow- 
ing terms: 

"The  general  diffusion  of  nickel  throughout  the  magnesian  rocks 
of  the  Quebec  group  has  been  already  noticed.  It  has,  however, 
never  been  met  with  in  any  considerable  quantities  in  these  rocks, 
although  workable  deposits  of  its  ores  may  reasonably  be  looked  for 
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in  some  parts  of  their  distribution.  On  tlie  sixth  lot  of  the  twelfth 
range  of  Orford,  the  siilphnret  of  nickel  (millerite)  is  met  with  in 
small  grains  and  crystals,  disseminated  through  a  mixture  of  green 
chrome-garnet,  with  calc-spar,  and  through  the  adjacent  rock.  Ex- 
plorations were  made  at  this  place  a  year  or  two  since  in  the  hope  of 
obtaining  copper,  M-hich  was  supposed  to  be  indicated  by  the  brilliant 
green  of  the  garnet ;  and  lead,  small  CLuantities  of  which  are  found  in 
the  vicinity.  The  ore  of  nickel  is  sparingly  disseminated  in  small 
grains  through  the  garnet  and  calcareous  spar,  and  the  masses  sub- 
mitted to  analysis  did  not  yield  more  than  one  per  cent,  of  nickel. 
It  is,  perhaps,  doubtful  whether  this  small  quantity  could  be  ex- 
tracted with  profit." 

On  page  497  is  the  following: 

"  It  (the  garnet)  forms  granular  masses,  or  is  disseminated  with 
millerite  in  a  white  crystalline  calcite.  The  largest  crystals  are 
found  in  druses  in  the  massive  portions,  but  do  not  exceed  a  line 
in  diameter,  and  are  dodecahedrons  with  their  edges  replaced. 

" This  garnet  resembles  closely  the  ouvarovite  from  the 

Urals. 

"  This  beautiful  garnet,  if  obtained  in  sufficiently  large  crystals, 
would  constitute  a  gem  equal  in  beauty  to  the  emerald." 

My  first  visit  to  the  mine  occupied  several  days.  We  were  en- 
camped on  an  island  in  Brompton  Lake.  A  half  mile  distant 
lay  the  nickel  mine,  on  the  side  of  a  hill.  On  this  deposit  there  are 
two  shafts  being  sunk,  180  feet  apart;  No.  1  is  down  41  feet.  No.  2 
45  feet.  At  the  present  depth  of  No.  1  the  vein  has  an  average 
width  of  nine  feet  nine  inches. 

The  hanging  wall  is  a  magnesian  limestone,  the  percentage  of 
magnesia  is,  however,  small.  The  width  of  this  has  not  yet  been 
determined,  but  on  the  surface  other  smaller  veins  and  branches  of 
the  spar  and  garnet  are  visible.  The  foot-wall,  a  dark-colored  ser- 
pentine, is  very  clearly  defined. 

At  a  considerable  distance  south  of  No.  1  shaft  the  line  of  strike 
is  cut  at  right  angles  by  a  sharply  defined  band  of  clay  slate. 

The  vein  has  now  pretty  much  the  same  characters  as  before  de- 
scribed in  the  Geology  of  Canada,  viz.,  green  chrome-garnet,  cal- 
cite, and  millerite;  besides  these,  small  particles  of  chromite  are 
found.  There  is  no  trace  of  copper  or  cobalt  present,  possibly  a 
trace  of  arsenic,  though  I  have  not  thoroughly  established  that  yet. 
The  hansfing;  wall  contains  nickel  in  small  grains. 
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The  following  analysis  gives  a  fair  idea  of  the  composition  of  the 
vein  : 

Calcite  and  millerite,             .....     50.40  per  cent. 
Black  specks  (chromite),      .....       6.87        " 
Chrome  garnet, 42.73        " 


100.00 


Xo.  2  shaft  has  not,  as  yet,  got  below  the  decomposed  spar,  but  has 
reached  good  solid  nickel  ore.  It  was  started  on  the  vein  in  de- 
composed spar  and  pyroxene,  carrying  occasionally  small  masses  of 
chrome-garnet.     The  vein  here  is  ftilly  as  wide  as  in  No.  1  shaft. 

The  pyroxene  (analyzed  by  Dr.  Hunt)  has  the  following  compo- 
sition : 

Silica, 47.15 

Alumina,         .........       3.45 

Oxide  of  iron,         ........       8.73 

Oxide  of  magnesium,       .......     24.55 

Oxide  of  calcium,  ........     11.35 

Water, 5  83 

101.06 
— Da7ia's  Mineralogy,  p.  221. 

Coming  back  now  to  the  specimens  before  us  :  The  clirome-garnet 
is  the  beautiful  green  crystal,  a  rhombic  dodecahedron  of  the  iso- 
metric system.  It  remains  absolutely  untouched  in  hot,  strong  aqua 
regia.  I  am  still  in  hopes  of  finding  crystals  in  some  of  the  many 
druses  which  occur  in  the  vein,  large  enough  to  show  their  beauty 
to  the  naked  eye.  The  specimens  which  I  have  here  will  require  a 
glass  to  bring  out  the  crystals. 

In  the  ore  near  the  surface,  whicdi  only  %vas  accessible  at  tlie  time 
the  Geology  of  Canada,  quoted  above,  was  written,  the  millerite 
occurred  in  grains  as  there  described,  but  as  the  shafts  have  gone 
down,  the  crystals  have  increased  in  size,  till  now  we  have  the  large 
ones,  which  show  the  characteristic  needles  very  plainly.  Some- 
times these  occur  in  clusters  of  needle.s,  placed  side  by  side  as  it 
were,  forming  a  flat  plate. 

It  (the  millerite)  varies  in  color  greatly  according  to  the  depth. 
In  the  samples  shown  from  Xo.  2  shaft,  there  appear  two  distinct, 
differently  colored  metallic  sulphides,  and  this  was  the  case  with 
specimens  from  Xo.  1  before  it  got  below  the  decomposed  spar.  At 
first  it  was  supposed  that  magnetic  iron  pyrites  or  other  sulphides 
might  be  present,  but  the  analyses  go  to  prove  it  all  to  be  millerite. 
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At  first  I  had  grave  doubts  about  the  practicability  of  treating 
the  ore,  owing  to  the  infusibility  of  the  chrome-garnet,  at  the  least 
I  expected  to  have  to  add  fluxes,  but  the  results  have  proved  quite 
the  contrary.  The  first  experiments  were  made  in  a  Siemens  fur- 
nace. A  black-lead  crucible  full  of  the  ore  was  placed  on  the  bank 
of  the  furnace,  while  making  low  steel.  Looking  at  it  fifteen  or 
twenty  minutes  later,  I  was  surprised  to  find  it  liquid.  It  was 
poured  into  a  mould,  and  a  good  button  obtained,  which  was  more 
ductile  then  the  pieces  shown,  and  had  the  yellow  color  to  a  greater 
degree  when  polished. 

The  next  experiment  was  to  run  508  pounds  of  the  ore  through  a 
blast  furnace.  Through  the  courtesy  of  Prof  Richards,  of  the  Mas- 
sachusetts Institute  of  Technology,  I  was  allowed  to  use  the  blast 
furnace  of  his  laboratory.  It  is  about  one  foot  square  by  four  feet 
high,  and  uses  gas  coke  as  fuel.  I  am  largely  indebted  to  the  great 
facilities  offered  by  Prof.  Richards  for  the  results  I  have  obtained. 

Ten  minutes  after  the  ore  was  charged  into  the  furnace,  slag  ap- 
peared at  the  tap-hole.  The  whole  charge  was  run  through  in  2^ 
hours.  145  pounds  of  coke  were  used,  making  about  3.5  of  ore 
to  1  of  coke.  8  pounds  of  matte  or  alloy  were  obtained,  con- 
taining 

Iron,    .         .         .' 71.84  per  cent. 

Nickel, 2-2.70        " 

94  54         " 

The  ore  treated  was  a  very  lean  lot  from  near  the  surface,  prob- 
ably containing  not  over  one  half  of  one  per  cent,  of  nickel.  The 
slag  had  a  mere  trace  of  nickel. 

As  to  the  further  treatment  of  this  product,  I  am  not  prepared 
now  to  make  any  report.  Prima  facie,  it  would  seem  that  the  jjrob- 
lem  was  a  simpler  one  than  most  nickel  manufacturers  have  to  fl\ce, 
since  there  is  no  copper  or  cobalt  present;  but  not  finding  it  spoken 
of  in  the  books  on  metallurgy,  I  have  been  obliged  to  investigate 
as  I  have  gone  along,  and  my  progress  has  consequently  been  slow. 

At  some  future  time  I  hope  to  give  the  results  of  the  present  in- 
vestigations, and  at  the  same  time  to  be  able  to  report  some  progress 
in  extracting  the  chromium  in  some  merchantable  condition.  Inas- 
much as  the  slag  produced  must  contain  somewhere  about  6  per 
cent,  of  sesquioxide  of  chromium,  it  becomes  extremely  valuable, 
provided  it  can  be  extracted  easily,  but  while  some  slags  produced 
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yield  it  up  with  great  readiness,  others  yield  it  up  with  great  diffi- 
culty. 

As  to  the  per  cent,  of  nickel  which  this  ore  carries,  and  which 
will  determine  its  money  value,  it  is  not  easy  at  present  to  speak 
with  any  certainty.  At  the  bottom  of  No.  1  shaft,  pieces  taken  to 
be  average  ones  for  three-quarters  the  width,  show  between  three  and 
four  per  cent,  nickel.  Specimens  from  No.  2  look  equally  rich. 
What  is  to  be  the  average  yield  after  the  mine  is  opened  up  it  is  im- 
possible to  say. 

February,  1878. 

Discussion. — Dr.  Hunt,  after  alluding  to  the  fact  that  Mr. 
Eustis  had  quoted  from  his  description  of  the  Orford  mine,  given 
in  1863,  in  the  Geology  of  Canada,  proceeded  to  refer  to  the  pecu- 
liarities of  the  deposit.  It  is  what  by  many  would  be  called  a  con- 
tact-vein, lyiug,  as  it  does,  between  serpentine  on  the  one  side  and 
limestone  on  the  other.  He  regarded  it  as  a  trua  fissure-vein,  lying 
in  the  plane  of  the  bedding,  and,  in  support  of  this  view,  cited  the 
observation  which  had  been  made,  that  at  one  point  a  branch  of  it 
penetrates  the  limestone  wall.  The  veinstone  of  calcite,  holding 
green  chrome-garnet  and  chromite,  with  crystals  and  grains  of  mil- 
lerite,  or  sulphide  of  nickel,  is  of  great  interest  to  mineralogists. 
Small  crystals  of  pale-green  epidote  are  also  found  in  this  veinstone, 
and  large  tabular  crystals  of  Mdiite  pyroxene.  The  latter,  like  the 
green  garnet,  had  long  since  been  analyzed  and  described  by  him 
in  the  volume  above  quoted  and  elsewhere.  The  crystals  of  mil- 
lerite  are  remarkable  for  their  size  and  beauty,  some  of  them  being 
an  inch  long,  while  shorter  tabular  crystals  of  the  species  are  found 
nearly  one-half  an  inch  in  breadth. 

In  allusion  to  the  statement  quoted  from  his  former  description, 
where  the  rocks  holding  this  vein  are  referred  to  what  was  then 
called  the  "altered  Quebec  group,"  Dr.  Hunt  explained  that  the 
view  that  these  crystalline  schists  were  altered  Paleozoic  deposits, — 
a  view  which  he  had  formerly  accepted,  in  accordance  with  the  opin- 
ions of  many  American  geologists, — had  long  since  been  rejected  by 
him  as  untenable.  In  1870  and  1871  he  had  expressed  the  convic- 
tion that  the  rocks  in  question  are  more  ancient  than  the  uncrystal- 
line  Paleozoic  sediments  of  the  St.  Lawrence  valley  (which  are  of 
Cambrian  age,  and  have  been  variously  called  the  Hudson  River 
group.  Upper  Taconic,  and  Quebec  group),  and  that  they  arc  to  be 
referred  to  the  Huron ian  period  of  Eozoic  time. 
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Dr.  Hunt  added,  that  the  results  obtained  by  the  Geological 
Survey  of  Canada  in  1876  and  1877  had,  in  the  opinion  of  Mr.  Sel- 
wyn,  its  present  director,  fully  vindicated  his  view.  These  results 
will,  probably,  soon  be  officially  made  public. 


ON  THE  MANUFACTURE  OF  ARTIFICIAL  FUEL,  AT  PORT 
RICHMOND,  PHILADELPHIA. 

BY  E.    r.    LOISEAU,   PHILADELPHIA. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

Until  June,  1868,  it  had  not  been  attempted,  either  in  this  coun- 
try or  abroad,  to  manufacture  by  mechanical  means,  from  anthracite 
coal-dust,  artificial  fuel  for  domestic  use.  Several  attempts  had  been 
made  to  utilize  coal-waste  by  converting  it  into  a  fuel  for  manufac- 
turing purposes,  but  none  of  the  processes  were  original,  and  they 
were  merely  applications  of  the  well-known  European  processes  and 
machinery,  slightly  modified  by  American  ingenuity  and  mechanical 
skill.     With  one  exception  all  those  attempts  have  been  failures. 

The  great  difficulty  in  the  application  of  European  processes  and 
machinery  has  always  been  the  limited  production,  and  the  exces- 
sive cost  of  the  manufactured  product,  as  compared  with  the  cost  of 
mining  and  preparing  the  ordinary  anthracite  coal  for  the  market. 

The  only  serious  and  intelligent  attempt  to  manufacture,  on  a 
large  scale,  artificial  fuel  for  manufacturing  purposes,  has  been  made 
by  the  Anthracite  Fuel  Company,  whose  works  are  erected  at  Fort 
Ewen,  near  Rondout,  New  York.  This  company,  organized  under 
the  auspices  of  the  Delaware  and  Hudson  Canal  Company,  had  to 
go  through  the  usual  course  of  difficulties,  breakages,  and  disap- 
pointments, which  seems  to  be  the  lot  of  every  new  industry. 
Thanks,  however,  to  the  energy  and  perseverance  of  Mr.  L.  L. 
Crounsse,  a  gentleman  of  means,  from  Washington,  D.  C,  the  en- 
terprise succeeded,  and  it  is  to-day  established  on  a  permanent  basis. 

In  order  to  increase  the  production,  and  to  reduce  its  cost,  the 
Anthracite  Fuel  Company  was  compelled  to  change  most  of  its 
plant,  and  to  erect  more  powerful  machinery,  producing  lumps  of  a 
larger  size,  almost  twice  the  size  of  the  lumps  made  previously  by 
the  same  company.  This  increase  in  the  size  of  the  lumps  has  been 
resorted  to  in  Europe  as  well  as  in  this  country,  in  order  to  increase 
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the  production,  but  the  lumps  being  large,  require  a  strong  draft  for 
their  combustion,  and  consequently  the  use  of  artificial  fuel  has  been 
confined  almost  exclusively  to  steamers  and  locomotives. 

In  order  to  manufacture  a  fuel  which  could  be  used  in  all  kinds 
of  furnaces,  it  was  evident  that  the  lumps  should  not  exceed  a  certain 
size,  and  machines  for  this  purpose  were  invented  by  Mr.  Revollier- 
Bietrix,  of  St.  Etienne,  France,  and  by  Messrs.  Mazeline  and  Couil- 
lard,  of  Havre,  but  the  production  of  these  machines,  in  24  hours, 
did  not  exceed  48  gross  tons,  in  lumps  weighing  each  1  kilogram, 
250  grams.  No  better  results  have  been  obtained  in  Europe  to 
this  day,  and  no  smaller  lumps  have  been  manufactured  there. 

The  compressing  machines,  above  referred  to,  are  constructed  on 
the  principle  of  Gard's  brick  machines  in  this  country.  Circular 
horizontal  tables,  containing  either  stationary  or  movable  moulds, 
revolve  under  a  pug  mill,  in  the  centre  of  wliich  is  a  vertical  shaft, 
with  knives  placed  at  an  angle.  These  knives  force  the  materials 
into  the  moulds.  The  bottom  of  the  moulds  is  formed  by  followers, 
fitting  exactly,  which  travel  on  an  inclined  track  under  the  moulding 
table,  gradually  compressing  the  materials,  and  finally  expelling  the 
brick-shaped  lumps,  which  are  afterwards  removed  by  hand,  or 
pushed  by  a  scraper  on  a  conveying  belt. 

The  problem,  therefore,  was  to  obtain  a  large  production  in  lumps 
of  a  small  size,  and  my  efforts  for  the  last  ten  years  have  been  di- 
rected towards  the  solution  of  that  problem. 

I  devised  and  designed,  to  the  best  of  my  ability,  several  machines 
which  my  experience  had  told  me  were  best  adapted  to  the  continu- 
ous and  automatic  production  of  lumps  of  a  small  size,  the  main 
machine  being  the  press.  I  had  previously  made  a  good  masiy  ex- 
periments, on  a  small  scale,  which  had  demonstrated  beyond  a  doubt 
the  practicability  of  the  process.  A  good  many  of  our  meml)ers 
will  remember  to  have  witnessed  in  Mauch  Chunk,  in  1874,  the 
manufacture  of  the  fuel  by  a  small  moulding  machine,  which  was 
the  embryo  of  the  large  one  erected  at  Port  Richmond.  As  is 
usually  the  case,  the  large  machine  did  not  work  as  well  as  the  small 
one ;  it  had  to  be  modified  several  times,  according  to  what  practical 
experience  demonstrated  to  be  an  absolute  necessity.  One  modifi- 
cation suggested  another,  until  at  last,  in  spite  of  all  the  prophecies 
to  the  contrary,  I  succeeded  in  getting  the  press  to  work  in  a  very 
satisfactory  way.  The  production  is  137i  tons,  in  10  hours,  the 
lumps  weighing  but  two  ounces  each. 

I  will  give  here  a  brief  description  of  the  moulding  press: 
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Two  rollers,  each  30  inches  in  diameter,  and  36  inches  in  length, 
contain  on  their  surface  semi-oval  cavities,  connected  together  by- 
small  channels,  which  allow  the  escape  of  air  and  excess  of  material, 
each  cavity  or  recess  communicating  by  four  of  those  channels  with 
the  surrounding  ones.  These  cavities  extend  in  close  proximity  to 
each  other,  in  regular  rows  over  the  whole  length  of  the  rollers,  the 
recesses  of  every  other  row  being  intermediately  between  those  of 
the  adjoining  row,  in  the  nature  of  tlie  cells  of  a  honeycomb,  so  that 
small  metallic  contact  surfaces  are  formed,  and  the  entire  surface  of 
the  rollers  is  utilized  for  compressing  the  composition  into  lumps  of 
an  egg-shaped  form.  The  shafts  of  the  rollers  are  cast  solid  with 
the  rollers,  and  they  are  10|  inches  in  diameter.  Each  roller  weighs 
over  a  ton.  On  top  of  these  is  a  hopper,  36  inches  long,  and  30 
inches  wide,  in  which  the  materials  to  be  compressed  are  discharged 
from  the  mixer.  In  this  hopper  a  series  of  knives,  screwed  to  a 
small  horizontal  shaft,  revolve  rapidly,  and  keep  the  materials  in  a 
granulated  state. 

When  the  materials  to  be  compressed,  happened  to  contain  too 
much  water,  which  was  often  the  case,  the  mixture  was  very  plastic, 
and  the  lumps  were  spongy  and  unfit  for  use.  When  the  mixture 
contained  the  required  amount  of  water,  the  rollers  would  spring, 
and  would  deliver  nothing  but  lialf-lumps.  Every  means  were  re- 
sorted to  in  order  to  prevent  the  springing  of  the  rollers,  and  to 
mould  complete  lumps.  All  sorts  of  contrivances,  suggested  by  able 
mechanical  engineers,  were  tried,  without  success.  Considerable 
time  was  required,  and  a  large  amount  of  money  was  expended  to 
obtain  the  desired  result.  The  task  had  been  given  up  by  a  good 
many  as  a  hopeless  one,  still  I  persevered.  I  had  observed  that, 
when  the  hopper  was  almost  empty,  the  shaking  of  the  rollers 
stopped,  and  the  half-lumps  of  the  last  rows  remained  in  the  moulds, 
instead  of  being  discharged  on  the  conveyer  below.  I  concluded 
from  this  fact,  that  the  springing  of  the  rollers  was  produced  by  an 
excess  of  material  above  the  compressing  point,  and  that  if  I  could 
regulate  the  quantity  of  material  a  little  above  that  point,  the  spring- 
ing of  the  rollers  would  cease,  and  perfect  lumps  would  be  produced. 
The  thought  was  a  happy  one.  I  devised  several  attachments  to 
regulate  the  delivery  of  the  materials  on  both  rollers,  with  pnly  par- 
tial success,  until  at  last  I  concluded  to  muffle  one  roller  entirely 
with  sheet  iron,  and  to  deliver  the  materials  on  the  other  one.  In 
the  centre,  above  the  point  of  contact  of  the  two  rollers,  I  placed  an 
iron  gate,  36  inches  long,  3  inches  thick,  and  3  inches  wide,  guided 
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at  both  ends  inside  of  the  hopper,  and  working  np  and  down,  along 
those  guides,  by  means  of  two  long  bolts,  threaded  at  one  end,  passed 
through  a  stationary  nut,  fastened  in  a  wooden  cross-piece  above  the 
hopper,  and  worked  by  small  hand-wheels.  By  reducing  or  increas- 
ing the  space  between  the  bottom  of  the  gate  and  the  roller,  more 
or  less  material  was  carried  away  by  that  roller.  At  the  point  of 
contact  between  the  rollers,  the  materials  which  have  been  delivered 
on  one  roller  are  pushed  into  the  cavities  of  the  other  one,  and  per- 
fect lumps  are  formed  and  discharged  on  the  conveyer  below.  The 
difficulty  is  entirely  overcome,  and  the  press  has  worked  well  ever 
since. 

The  coal-dust  accumulated  in  the  yard  is  on  swampy  ground  ; 
the  tidewater  comes  up  to  the  middle  of  the  lot,  and  the  capillary 
attraction  draws  the  water  in  the  coal-pile  up  as  high  as  seven  feet. 
During  dry  weather,  Ave  obtained  from  the  top  of  the  pile  coal  suffi- 
ciently dry,  but  M'hen  it  rained,  the  coal-dust  was  so  wet  that  it 
clogged  in  the  screen,  in  the  chutes  under  the  chain  elevators,  in  the 
coal  pocket,  and  in  the  distributor.  This  was  remedied  by  erecting 
a  gravel-drying  apparatus,  composed  of  two  drums,  18  feet  in  length, 
and  36  inches  in  diameter,  placed  on  an  incline,  and  heated  under- 
neath. The  drums  revolve  slowly;  the  coal-dust,  as  it  comes  from 
the  yard,  is  fed  at  one  end  of  each  drum  ;  it  travels  the  entire  length 
of  the  drums  in  five  minutes,  while  being  kept  stirred  by  stationary 
lifters,  fastened  inside  the  drums,  and  it  is  finally  screened  and  dis- 
charged at  the  crther  end  perfectly  dried. 

In  the  drying  oven  we  had  the  next  trouble.  The  first  plan  con- 
sisted in  carrying  the  moulded  lumps  through  the  oven  in  40  min- 
utes, on  five  endless  wire-cloth  belts,  placed  underneath  each  other, 
and  geared  together,  so  as  to  travel  in  opposite  directions.  The 
lumps  falling  from  the  rollers  on  the  upper  belt  were  conveyed  into 
the  oven  at  the  speed  of  12  feet  in  one  minute,  travelling  the  whole 
length  of  the  oven,  and  falling  from  one  belt  to  another,  until  they 
emerged  from  the  oven  on  the  lower  belt,  to  be  discharged  therefrom 
into  the  waterproofing  machine. 

When  the  five  wire-cloth  belts  were  loaded,  the  oven  contained 
about  six  tons  of  coal.  Under  the  weight  of  the  fuel  the  belts  would 
stretch,  sag,  and  drop  the  greater  part  of  the  lumps  on  the  bottom 
of  the  oven,  where  they  broke  to  pieces.  The  belts  were  changed 
several  times,  and  replaced  by  others  of  smaller  mesh  and  stronger 
wire;  additional  rollers  were  placed  under  the  wire-cloth  to  stop  the 
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sagging  as  much  as  possible,  but  the  belts  would  stretch  in  spite  of 
all,  and  the  use  of  wire-cloth  as  conveyers  had  to  be  abandoned. 

It  was  also  ascertained  that  the  fuel  was  imperfectly  dried,  and 
that  the  contraction  of  the  clay,  used  as  a  cement,  could  not  take 
place  when  the  lumps  remained  only  40  minutes  in  the  oven.  The 
solidity  of  the  lumps  was  found  to  depend  entirely  upon  the  length 
of  time  during  which  they  remained  in  the  oven,  and  the  following 
tests  demonstrated  this  fact  to  a  certainty  : 

Three  lumps  which  had  been  in  the  oven  during  40  minutes, 
supported  a  weight  of  99  pounds  before  being  crushed. 

Three  lumps  which  remained  in  the  oven  one  hour  and  ten  min- 
utes, stood  a  weight  of  148  pounds  before  being  crushed. 

Three  lumps  which  had  remained  in  the  oven  during  six  hours, 
stood  a  weight  of  371  pounds  before  giving  way. 

Each  one  of  these  lumps  came  from  the  same  mixer,  and  contained 
the  same  materials,  and  in  the  same  proportions. 

The  problem  then  was  not  only  to  modify  the  oven  so  that  it 
would  hold  sufficient  fuel  during  six  hours,  but  to  modify  it  in  such 
a  way  that  the  fuel  could  be  discharged  by  its  own  gravity,  when 
sufficiently  baked.  To  do  this  seemed  an  insuperable  difficulty.  I 
studied  for  weeks  one  plan  after  another,  mitil  at  last  I  conceived 
one  which  I  thought  would  answer  the  purpose.  I  submitted  the 
plan  to  competent  authority,  and  it  was  approved  as  a  feasible  and 
practicable  one. 

The  plan  consisted  in  doing  entirely  away  with  wire-cloth,  in  sup- 
pressing the  four  lower  conveyers,  and  in  using  for  the  top  conveyer 
sections  of  sheet  iron  bolted  to  bridge  links  of  malleable  iron,  placed 
at  regular  intervals,  in  three  endless  link  chains  running  in  grooves 
and  moved  by  toothed  wheels.  The  fuel  was  to  be  removed  from 
this  top  conveyer  by  gates  thrown  slantingly  across  it,  and  it  would 
slide  down  iron  chutes,  forming  a  spiral,  upon  bars  of  wrought  iron 
set  at  an  angle  across  the  oven,  and  resting  upon  cast-iron  racks, 
placed  at  the  lowest  point,  18  inches  above  the  flue.  Through 
those  bars  and  through  the  mass  of  the  fuel,  the  hot  air  was  to  pass 
and  dry  the  fuel. 

When  the  fuel  was  baked  it  was  to  be  discharged  by  its  own 
gravity,  through  a  series  of  gates,  on  to  an  outside  conveyer,  placed 
alongside  the  oven,  and  made  of  sections  of  sheet  iron,  bolted  to  link 
chains  like  the  top  conveyer.  This  outside  conveyer  was  to  dump 
the  fuel  into  an  elevator,  and  from  this  elevator  the  lumps  were  to 
be  delivered  into  the  waterproofing  machine. 
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The  alterations  described  above  were  made,  and  the  whole  oven 
became  in  this  way  a  kind  of  coal-bin,  holding  very  near  one  hun- 
dred tons  of  fuel. 

When  the  oven,  modified  as  stated,  was  tried  for  the  first  time,  it 
contained  nearly  one  hundred  tons  of  good  lumps.  It  was  heated 
to  aboht  300°  Fahrenheit,  and  in  about  four  hours  the  whole  mass 
of  fuel  was  on  fire.  It  required  ten  men  working  two  days  and  one 
night  to  extinguish  the  fire.  The  fuel  was  entirely  spoiled,  but  no 
injury  was  done  to  the  walls  of  the  oven,  or  to  the  inside  fixtures 
of  the  same.  In  order  to  avoid  such  an  accident  in  the  future,  the 
cast-iron  flues  were  covered  with  loose  bricks.  Three  times  in  suc- 
cession the  oven  was  again  filled,  heated,  and  when  it  was  supposed 
that  the  lum[)s  were  sufficiently  baked,  the  discharge  gates  were 
opened,  and  the  fuel  was  found  to  be  as  moist  as  when  it  entered  the 
oven. 

The  oven  was  allowed  to  cool,  and  was  carefully  examined  by 
Dr.  Charles  M.  Cresson,  of  this  city,  and  it  was  ascertained  by  him  that 
the  openings  for  the  admission  of  air  and  for  the  escape  of  the  evap- 
orated moisture  were  much  too  small.  The  fuel,  as  it  seems,  had 
simply  been  submitted  to  a  steam  bath,  instead  of  being  baked,  and 
the  defect  could  be  easily  remedied,  according  to  Dr.  Cresson's 
opinion,  by  a  false  sheet-iron  bottom,  which  would  bring  the  air  in 
close  contact  with  the  iron  flues,  and  at  the  same  time  prevent  the 
fuel  from  catching  fire  by  radiation  from  the  flues.  Dr.  Cresson 
advised  larger  openings  for  the  admission  of  air  and  for  the  outlet 
of  moisture.  The  sizes  of  those  openings  have  been  carefully  calcu- 
lated, and  there  is  no  doubt  that  when  these  alterations  shall  have 
been  made,  the  working  of  the  oven  will  be  as  satisfactory  as  that 
of  the  balance  of  the  machinery. 

The  waterproofing  process  has  been  tried  several  times,  and  has 
been  found  to  work  well.  Instead  of  condensing  the  vapors  of  the 
benzine,  as  was  at  first  intended,  we  were  compelled,  in  order  to 
avoid  accidents,  to  remove  them  by  a  suction  fan.  These  vapors 
pass  through  a  system  of  pipes ;  they  are  here  mixed  with  twenty 
times  their  volume  of  atmospheric  air,  so  as  to  render  them  innocu- 
ous, and  they  are  then  expelled  above  the  roof  of  the  building. 

It  must  not  be  forgotten  that  the  process  applied,  and  the  machines 
used,  were  entirely  novel,  and  considering  all  the  difficulties  in  the 
way  of  a  success,  the  results  obtained  have  been  very  satisfactory. 

The  large  amount  of  money  expended,  the  many  disappointments 
which  have  occurred,  and,  above  all,  the  depressed  condition  of  the 
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coal  trade  during  the  last  two  years,  have  discouraged  some  of  our 
stockholders,  and  we  have  thus  been  placed  in  a  financial  condition 
which  has  prevented  the  completion  of  the  experiment.  In  a  few 
days,  however,  the  financial  difficulties  will  also  be  entirely  over- 
come, a  new  company  will  be  reorganized,  and  I  hope  that  in  a  few 
weeks  the  works  will  be  in  successful  operation,  and  the  fuel  will 
be  in  the  market. 

Philadelphia,  February  26th,  1878. 


NOTES  ON  THE  SALISBURY  {CONN.)  IRON  MINES  AND 

WORKS. 

BY   A.    L.    HOLLEY,    C.E.,   NEW   YORK   CITY, 

(Read  at  the  Aiueiiia  Meeting,  October,  1S77.) 

The  three  principal  mines  from  which  the  celebrated  Salisbury 
iron  ores  are  obtained  are  called  respectively  the  "  Old  Hill," 
"Davis,"  and  "Chatfield"  ore  beds,  and  are  situated  in  the  town 
of  Salisbury,  Litchfield  County,  Conn.,  on  the  eastern  slope  of  the 
Tocconuc  range  of  hills.* 

The  Old  Hill  Ore  Bed  is  a  tract  of  land  of  100  acres,  originally 
granted  by  the  General  Court  in  October,  1731,  to  be  laid  out  by 
Daniel  Bissell  of  Windsor.  It  was  soon  after  surveyed  and  located 
by  Ezekiel  Ashley  and  John  Pell.  The  descendants  of  Ashley  are 
still  proprietors  in  the  mine.  The  supply  of  ore  has  been  very 
abundant,  and  for  many  years  was  easily  obtained,  but  latterly  the 
cost  of  raising  has  been  greatly  increased.  Up  to  about  1840  the 
average  yield  was  estimated  to  be  about  4500  tons  per  annum.  The 
production  has  gradually  increased  until  the  average  yield  at  pres- 
ent is  estimated  at  15,000  tons  annually.  The  largest  production  in 
any  one  year  was  about  20,000  tons.  The  proprietors  of  this  mine 
were  incorporated  many  years  ago  under  the  style  of  "  The  Salisbury 
Ore  Bed  Proprietors." 

The  Davis  Ore  Bed,  named  after  an  early  owner,  was  originally 
called  Hendricks  Ore  Bed,  and  was  owned  before  the  organization 
of  the  town  of  Salisbury  by  Thomas  Lamb,  one  of  the  first  settlers 

*  The  data  from  which  the  historical  portion  of  these  notes  has  been  compiled 
wore  collected  by  the  Bariuim-Richurdson  Company,  of  Lime  Rock  (Salisbury), 
Conn. 
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in  the  town.  Ore  was  mined  in  this  bed  as  early  as  1730  or  1731, 
and  was  taken  by  Lamb  to  supply  his  forge  at  Lime  Rock.  It  was 
in  early  days  transported  in  leathern  bags  on  horses.  This  mine 
has  been  worked  almost  constantly  since  first  opened,  showing  an 
increased  production.  The  average  yearly  yield  at  present  is  estimated 
to  be  about  15,000  tons.  The  property  has  passed  through  several 
ownerships;  the  proprietors  are  now  incorporated  under  the  name 
of  Forbes  Ore  Bed  Company. 

The  Chatfield  Ore  Bed  was  originally  owned  by  Philip  Chatfield, 
from  Avhoni  it  takes  its  name,  and  was  opened  soon  after  the  other 
beds  were.  It  has  been  steadily  worked  since  first  opened,  showing 
also  an  increase<l  production.  Its  annual  yield  at  present  is  esti- 
mated to  be  12,000  tons.  Notwithstanding  these  mines  have  been 
so  long  and  so  constantly  worked,  the  supply  of  ore  is  still  abundant 
and  apparently  inexhaustible. 

There  has  been  no  special  effort  to  increase  the  production,  as 
these  ores  are  not  in  the  market,  and  it  is  only  desired  to  raise  a 
sufficient  supply  for  the  furnaces  in  the  immediate  vicinity  of  the 
mines.  The  ores  are  all  of  the  brown  hematite  variety,  and  of  the 
same  general  character,  yielding  about  forty-five  per  cent,  of  iron. 
The  process  of  raising  the  ore  and  making  it  ready  for  the  furnace 
has  been  much  improved  within  the  past  twenty  years  ;  it  is  crushed 
and  washed  by  machinery  before  leaving  the  mines.  The  ore  is 
raised  entirely  by  open  mining,  and  the  beds  are  now  worked  at  a 
depth  of  from  75  to  100  ieet.  In  addition  to  the  mines  mentioned 
above,  the  Barnum-Richardson  Company  is  working  mines  at 
Amenia  and  at  Mount  Riga,  both  on  the  New  York  and  Harlem 
Railroad,  just  over  the  New  York  State  line,  and  on  the  western 
slope  of  the  Toccouuc  Hills.  These  mines  produce  ores  very  similar 
in  character  and  value  to  those  already  described. 

The  first  forge  in  this  vicinity  was  erected  in  Lime  Rock  by 
Thomas  Lamb,  as  early  as  1734.  He  took  his  ore  from  the  Hen- 
dricks (now  Davis)  Ore  Bed.  Several  different  parties  succeeded  to 
the  ownership ;  among  those  who  occupied  it  longest,  and  operated 
it.  most  successfully,  were  Messrs.  Canfield  &  Robbins.  They 
operated  a  forge  and  blast-furnace  on  this  site  for  many  years,  and 
also  had  a  forge  and  blast-furnace  (built  by  Leman  Bradley  in  1812) 
on  the  Housatonic  River,  just  below  the  Canaan  Falls,  using  at 
both  places  Salisbury  ores. 

The  Lime  Rock  property  came  into  possession  of  its  present 
owner  in  1863,  and  in  1864  a  new  blast  furnace  was  erected,  which 
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has  been  in  operation  up  to  the  present  time.  About  the  year  1748 
a  forge  was  erected  in  the  present  viUage  of  Lakeville  (then  called 
Furnace  Village),  and  in  1762  John  Haseltine,  Samuel  Forbes,  and 
Ethan  Allan  purchased  the  property,  and  built  a  blast  furnace. 
This  is  supposed  to  be  the  first  blast  furnace  built  in  the  State.  This 
property  in  1768  came  into  the  possession  of  Richard  Smith,  of 
Boston,  who,  being  a  Loyalist,  returned  to  England  upon  the  break- 
ing out  of  the  war.  The  State  took  possession  of  the  works,  and 
appointetl  Col.  Joshua  Porter  their  agent  in  its  management,  and 
upon  orders  of  the  Governor  and  Council  large  quantities  of  cannon, 
shot,  and  shell  were  made  during  the  Revolurionary  War  for  the 
General  Government.  John  Jay  and  Gouverneur  Morris  were 
often  there  superintending  the  casting  and  proving  of  the  guns,  and 
at  this  time  the  Salisbury  iron  gained  a  celebrity  which  it  has  never 
lost  for  superior  strength  and  general  quality.  The  cannon  were 
intended  chiefly  for  the  navy,  and  after  the  war  the  navy,  to  a  con- 
siderable extent,  was  supplied  with  guns  made  from  the  same  iron. 
The  ship  of  Commodore  Truxton,  the  Constellation,  and  the  cele- 
brated Constitution,  "  Old  Ironsides,"  were  supplied  with  Salisbury 
cannon.  The  furnace  was  afterwards  owned  and  operated  for  many 
years  by  Messrs.  Holley  &  Cofifing,  who  also  operated  a  forge  and 
furnace  at  Mount  Riga. 

The  forge  on  Mount  Riga  was  built  about  the  year  1781  by 
Abner  or  Peter  Woodin.  Daniel  Ball  succeeded,  and  the  works 
were  for  many  years  known  as  Ball's  Forge.  Seth  King  and  John 
Kelsey  commenced  building  a  furnace  there  about  1806,  but  were 
not  able  to  complete  it,  and  in  1810  it  came  into  possession  of 
Messrs.  Holley  &  Coflfing,  who  the  same  year  finished  it,  and  for 
many  years  carried  on  an  extensive  business.  Pig  iron,  anchors, 
screws,  and  various  kinds  of  manufactured  iron  were  made  there. 
These  works  and  those  at  Lakeville  were  abandoned  many  years 
ago,  and  tlie  property  at  Mount  Riga,  including  the  water  privilege, 
which  is  very  valuable  and  one  of  the  finest  in  the  State,  is  now 
owned  by  the  Millerton  Iron  Company,  Irotulale,  N.  Y. 

There  were  also  built  at  East  Canaan  two  blast  furnaces  for  the 
manufacture  of  pig  iron  from  Salisbury  ores,  one  about  1840,  by 
Samuel  Forbes,  and  one  about  1847,  by  John  A.  Beckley.    • 

The  first  foundry  for  the  melting  of  pig  iron  was  built  at  Lime 
Rock  about  the  year  1830,  and  soon  after  came  under  control  of 
Milo  Barnum,  who  was  the  founder  of  the  ])resent  Barnum-Rich- 
ardson  Company.     He  associated  in  the  business  Leonard  Richard- 
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son,  and  within  a  few  years  his  son,  WiHiam  H.  Barnum,  was  taken 
into  the  partnership. 

The  fonndry  business  was  carried  on  in  a  small  way  in  connec- 
tion with  the  store;  their  productions  consisted  chiefly  of  clock  and 
sash  weights,  plow  castings  and  other  small  work.  The  business 
gradually  increased  until  about  1840,  when  they  began  the  manu- 
facture of  railroad  work,  the  first  of  which  was  chairs  for  the  Boston 
&  Albany  Railroad,  then  building  from  Springfield  to  Albany;  the 
castings  were  transported  by  teams  to  Springfield  and  to  Chatham, 
a  distance  of  about  fifty  miles. 

The  great  tensile  strength  and  natural  chilling  qualities  of  the 
Salisbury  iron  proved  it  of  great  value  in  the  manufacture  of  cast 
chilled  car-wheels,  which  naturally  followed  in  a  few  years  the 
making  of  smaller  railroad  castings.  The  iron  early  obtained,  and 
has  since  held,  the  reputation  of  being  the  best  known  for  this 
purpose. 

In  1858  the  company  obtained  possession  of  the  Beckley  furnace 
at  East  Canaan,  and  in  1862  purchased  the  Forbes  furnace  at  the 
same  place.  They  also,  about  this  time,  purchased  the  foundry  at 
64  South  Jefferson  Street,  Chicago,  and  organized  a  joint  stock 
company  under  the  name  of  the  Barnum-Richardson  Manufacturing 
Company,  for  the  continuance  of  the  foundry  business.  In  May, 
1864,  the  Barnum-Richardson  Company,  a  joint  stock  company, 
was  organized  with  William  H.  Barnum  as  president  and  general 
manager.  It  has  since  largely  increased  its  works  by  building,  and 
by  acquiring  further  interests  in  miuing  and  furnace  com[)anies.  A 
third  and  improved  furnace  was  built  at  East  Canaan  in  1872;  in 
1870  a  second  foundry  was  erected  at  Lime  Rock.  A  new  wheel 
foundry  was  built  in  Chicago  in  1873. 

The  foundries  at  Chicago  use  the  Salisbury  iron,  and  have  a 
capacity  in  the  two  shops  of  300  wheels  per  day.  The  company 
uses,  at  its  Lime  Rock  works,  Salisbury  iron  also,  and  have  a 
capacity  of  200  wheels  per  day. 

In  1840,  there  were  in  this  vicinity  four  blast  furnaces  in  opera- 
tion, each  using  an  average  of  600  bushels  of  charcoal  and  produc- 
ing three  tons  of  pig  iron  per  day.  There  are  now  seven  blast 
furnaces  owned  by  the  company,  of  which  William  H.  Barnum 
,is  president  and  general  manager.  They  use  each  an  average  of 
1200  bushels  of  charcoal,  and  produce  eleven  tons  of  iron  per  day. 
The  new  furnace  at  East  Canaan  at  its  last  blast  made  an  average 
of  eighty  tons  of  iron  per  week,  this  being  the  most  advantageous 
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blast  known  to  have  been  made  in  a  charcoal  furnace  of  this  size. 
The  seven  furnaces  are  located  within  a  radius  of  eight  miles  from 
Lime  Rock,  and  are  situated  as  follows  :  three  at  East  Canaan,  one 
at  Lime  Rock,  one  at  Sharon  Valley,  one  at  Cornwall  Bridge,  and 
one  at  Huntsville.  In  connection  with  the  latter  furnace  there  is  a 
car-wheel  foundry  at  Jersey  City,  having  a  capacity  of  150  wheels 
per  day,  and  using  the  iron  exclusively  from  this  furnace.  The 
Salisbury  pig  iron  shows  an  average  tensile  strength  of  about  30,000 
lbs.  to  the  square  inch,  and,  besides  being  valuable  for  ordnance 
and  railroad  purposes,  it  is  extensively  supplied  for  malleable  and 
machinery  uses.  The  wheels  made  at  the  Barnum-Hichardson 
Works  have  been  largely  used  in  the  United  States,  Canada,  and 
foreign  countries,  particularly  in  South  iVmerica.  Their  high  quality 
is  too  extensively  known  and  certified  to  require  further  mention  in 
this  paper. 

The  opening  of  the  Connecticut  Western  Railroad  has  brought 
these  mines  and  furnaces  within  easier  access  of  each  other,  and  has 
also  enabled  the  furnace  companies  to  procure  a  portion  of  their 
supply  of  charcoal  from  a  distance,  most  of  it  being  brought  from 
Vermont. 


NOTES  ON  THE  IRON  OBE  AND  ANTHRACITE  COAL   OF 
RHODE  ISLAND  AND  MASSACHUSETTS. 

BY   A.  L.  HOLLEY,    C.E.,   NEW  YORK  CITY. 

(Read  at  the  Ameuia  Meeting,  October,  1877.) 

The  existence  of  iron  ore  and  anthracite  coal  in  the  neighborhood 
of  Providence,  R.  I.,  has  long  been  known,  chiefly  as  a  geological 
fact;  that  these  materials,  so  near  to  each  other  and  to  tidewater, 
are  of  such  a  good  quality  and  are  present  in  such  large  quantity,  as 
to  have  seriously  raised  the  question  of  establishing  blast  furnaces 
there,  was  a  surprising  fact  to  me;  and  I  have  thought  that  the  few 
notes  I  have  lately  gathered  on  the  subject  would  be  of  interest  at 
this  partly  New  England  meeting. 

The  coal  field  referred  to  has  an  area  of  above  400  square  miles, 
and  is  found  throughout  the  belt  of  transition  rocks  extending  from 
Newport  Neck  to  Mansfield,  Massachusetts.  It  underlies  the  cities 
of  Providence  and  Newport,  and  the  towns  of  Middletown,  Ports- 
mouth, Jamestown,  Warwick,  Barrington,  Cranston,  North  Provi- 
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dence,  Cumberland,  Bristol,  Warren,  and  East  Providence  in  Rhode 
Island,  and  Seekonk,  Attleboro,  Wrentham,and  Mansfield,  in  Massa- 
chusetts. The  amount  of  coal  is  not  estimated,  but  very  roughly 
stated  at  "  hundreds  of  millions  of  tons  "  in  a  report  of  "  The  Rhode 
Island  Society  for  the  Encouragement  of  Domestic  Industry."  Pro- 
fessor Ridgway,  in  a  memorial  to  the  General  Assembly  in  1868, 
states  that  the  field  is  a  large  but  shallow  one,  made  up  of  a  cluster 
of  beautiful  coal  basins,  being  identical  with  the  lower  coal  series  of 
the  anthracite  basin  of  Pennsylvania.  The  coal  on  the  edges  of  the 
field  has  been  not  only  broken  up,  but  altered,  by  heat' and  pressure, 
such  as  the  Pennsylvania  field  seems  to  have  escaped ;  but  Pro- 
fessor Ridgway  states  that  it  is  regular  and  undisturbed,  and  less 
altered,  in  other  parts.  Still  later — in  1875 — a  hole  was  sunk  a 
little  over  700  feet,  at  a  point  in  Massachusetts  some  five  miles  from 
Providence,  in  the  centre  of  the  basin,  and  a  bed  of  coal  nine  feet 
thick  was  found  at  this  depth.  Its  quality,  judging  from  the  core 
brought  up,  was  superior  to  the  coal  previously  worked.  All  this 
coal  has  a  red  ash,  and  burns  with  great  freedom  and  with  a  fuller 
blaze  than  other  anthracite.  The  ash  is  quite  fusible,  so  that  a 
moderate  blast  is  required.  Some  time  ago,  Mr.  Samuel  L.  Crocker, 
of  the  Taunton  Copper  Company,  stated  that,  for  about  twelve 
years,  he  had  used  10,000  tons  annually  of  this  coal  from  the  Ports- 
mouth mine,  in  various  manufacturing  establishments  and  for  do- 
mestic purposes,  and  that,  for  steam  and  all  ordinary  purposes,  it 
was  quite  as  good  as  Pennsylvania  anthracite;  while,  for  smelting 
copper  ores,  it  was  the  best  mineral  fuel.  More  recently,  the 
Taunton  Copper  Company  have  acquired  this  mine,  and  are  now 
raising  their  own  coal.  The  main  shaft  measures  1400  feet  on  the 
incline,  and  the  gangways  aggregate  a  length  of  3|  miles.  Another 
mine  at  Cranston,  from  which  some  thousands  of  tons  were  formerly 
shipped,  has  recently  been  reopened  with  a  capacity  of  100  tons  per 
day.  Most  of  the  workings  have  been  on  the  outcrop,  where,  as 
before  stated,  the  coal  is  broken  and  altered.  But  the  alteration 
seems  to  have  pretty  well  freed  the  coal  from  sulphur,  and  has  also 
given  it  free-burning  qualities. 

Prof.  Jackson's  analysis  of  the  Portsmouth  coal  is  as  follows: 

Water  and  volatile  matter,     ......     10.00 

Fixed  carbon, 84.50 

Ash  of  dark  red  color, 5.50 

VOL.  VI. — 15 
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Prof.  Shaler's  analysis  of  Cranston  coal  (1876)  is  as  follows : 

Volatile  matter  expelled  at  red  heat,       ....  3.55 

Fixed  carbon, 82.25 

Ash, 5.65 

Hygroscopic  moisture,     .         .         .         .         .         .         .  8  55 

100.00 

Sulphur, 0.026 

Specific  gravity,      .         .         .         .         .         .         .         .     1.839 


The  magnetic  iron  ore  deposit  at  Cumberland,  three  miles  from 
Woonsocket,  and  twelve  from  Providence,  is  the  most  valuable  in  the 
State.  The  ''  Cumberland  Iron  Hill "  is  a  mass  of  ore  500  feet  long, 
150  feet  wide,  and  104  feet  high,  and  is  estimated  to  contain  over  a 
million  tons  above  natural  drainage.  Probably  a  very  much  larger 
quantity  lies  below  ground.  The  ore  is  not  rich  in  iron — it  averages 
35  per  cent. — but  it  is  extremely  free  from  sulphur  and  phosphorus, 
the  latter  element,  as  lately  determined  at  the  Bethlehem  Iron  Works, 
being  but  0.026  per  cent.  The  Bethlehem  analysis  gives  the  iron  in 
one  specimen  as  30.86  per  cent.,  and  in  another  at  33  per  cent.,  and 
the  silica  as  25.5  per  cent. 

Dr.  Chilton's  analysis  is  as  follows  : 

Per- and  protoxide  of  iron,     ......  58.50 

Oxide  of  manganese,        .......  2.10 

Oxide  of  titanium,  ........  3.66 

Alumina  and  .silica,          .......  26.33 

Magnesia,         .........  6.80 

Lime,       .         .         . 0.65 

Water  and  loss,       .          .......  1.96 

100.00 

Metallic  iron, 42.58 

Such  an  ore  mined  by  open  quarrying  with  natural  drainage,  and 
almost  on  tidewater,  would  seem  to  be  of  some  value  for  the  steel 
manufacture. 

There  are  also  hematite  deposits,  the  largest  being  at  Cranston, 
five  miles  from  Providence. 
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The  analysis  of  this  ore  by  Prof.  Willis  in  1870  is  as  follows : 

Volatile  matter, 14.950 

Peroxide  of  iron,     ........  76.285 

Protoxide  of  iron,  ........  trace 

Silica, 4.840 

Alumina, 2.100 

Sulphuric  acid  (0.047  sulphur), 0.118 

Phosphoric  acid  (0.199  phosphorus),        ....  0.453 

Protoxide  of  manganese,          ......  0.080 

Lime, 0.500 

Magnesia,         .........  0.410 

Loss, .  0.200 

99.936 

Metallic  iron,  .         .       ■ 53.40 

Metallic  iron  in  calcined  ore,  ......     63.60 

The  manufacture  of  iron  in  Rhode  Island  is  not  exactly  a  new 
subjeotj  since  it  commenced  in  1703.  Many  cannon  were  cast  here 
from  these  ores  for  use  in  the  Revolutionary  War  and  in  the  war  of 
1812.  Tlie  charcoal  iron  manufacture  closed  in  this  State  in  1834, 
when  anthracite  iron  began  to  be  introduced.  The  authorities  of 
the  time  pronounced  the  iron  of  very  superior  quality.  The  Cum- 
berland and  Cranston  ores  were  mixed  in  equal  quantities. 

It  has  been  estimated  that  pig  iron  can  be  produced  in  this  region 
at  less  than  $16  per  ton,  which  is  no  doubt  true,  seeing  that  ore, 
coal  and  limestone  are  adjacent  and  easily  mined,  provided  the  coal 
turns  out  to  be  a  good  blast-furnace  fuel.  I  do  not  learn  that  ex- 
periments have  been  made  in  this  direction.  But  whether  iron  is 
produced  here  or  not  there  is  already  a  largely  growing  develop- 
ment of  coal  mining,  and  it  seems  probable  that  ore  of  this  quality, 
so  near  tidewater,  may  find  a  profitable  market. 


THE  IIESOZOIC  FOEMATION  IN  VIRGINIA. 

BY  OSWALD  J.    HEINRICH,  MINING  ENGINEER. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

During  the  last  twenty  years  much  has  been  done  to  investigate 
and  define  the  Mesozoic  formation  of  the  United  States  along  the 
Atlantic  States,  as  well  as  in  the  Territories.  The  investigations  of 
Professors  Hitchcock,  Emmons,  Hayden,  H.  D.  Rogers,  and  those 
now  in  progress  in  connection  with  the  geological  surveys  of  Penn- 
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sylvania  and  New  Jersey,  under  the  various  eminent  leaders,  have 
given  decided  answers  to  many  questions  formerly  existing,  and  will 
throw,  as  they  have  already  done,  much  light  upon  the  character  of 
this  interesting  formation.  It  is  much  to  be  regretted  that  this  for- 
mation, existing  in  the  State  of  Virginia,  and  first  defined  there 
nearly  forty  years  ago,  by  Professor  W.  B.  Rogers,  has  since  received 
no  public  attention.  This  is  the  more  to  be  regretted,  because  Pro- 
fessor Rogers  pointed  out  the  economical  value  of  some  of  its  de- 
posits. In  order  to  preserve  the  results  of  a  series  of  observations 
and  explorations  conducted  there  during  the  last  few  years,  and  fur- 
thermore to  preserve  the  almost  inaccessible  public  records  of  the 
former  investigator,  I  beg  to  submit  the  following  remarks  to  the 
Institute. 

I.  Geographical  Distribution  of  the  Mesozoic  Formation 
IN  Virginia,  its  Outlines  and  Area. 

Probably  more  than  in  any  other  of  the  Atlantic  States,  or  in  the 
Territories,  this  formation  occurs  in  Virginia  in  isolated  tracts  and 
patches  of  greater  or  less  magnitude,  some  being  of  very  limited 
extent.  They  appear  so  now,  at  least,  but  by  observing  them  upon 
the  map,  a  former  connection  between  the  tracts  may  be  traced  out, 
by  considering  the  lines  of  bearings,  and  comparing  the  geological 
structures  in  Virginia  amongst  themselves,  as  well  as  with  those  ex- 
tending into  the  border  States,  North  Carolina  and  Maryland.  It 
is  also  indispensable  to  take  into  consideration  the  elevations  now 
presented  by  the  topography  of  the  country  (see  Map,  Plate  V). 

For  a  clearer  conception  of  these  facts  it  will  be  necessary  first  to 
define  the  outlines  of  the  various  tracts,  and  for  a  guide  we  will  follow 
the  statements  in  the  various  annual  reports  of  Professor  W.  B. 
Rogers,  which,  unfortunately,  are  now  almost  inaccessible.  They 
may  be  enumerated  as  consisting  of  four  divisions  or  two  double 
ranges,  their  main  axes  running  very  nearly  in  parallel  lines  to  each 
other,  and  also  parallel  to  the  main  course  of  the  Blue  Ridge  moun- 
tains, with  a  bearing  from  S.  30°  to  37°  \V.,  the  ranges  being  also 
nearly  the  same  distance  from  each  other.  Proceeding  from  the 
east  to  the  west,  and  also  from  northeast  to  soutliwest,  in  the  line 
of  trend  for  each,  we  may  designate  the  following  divisions,  viz. : 
A.,  the  Eastern;  B.,  the  Middle-eastern ;  C,  the  Middle- western; 
D.,  the  Western  division ;  each  consisting  of  numerous  tracts. 
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A.  The  Eastern  Division. 

1.  Petersburg  deposits.  Extending  from  Richmond  to  Petersburg, 
Chesterfield  County,  and  further  south  to  Greenville  and  Brunswick 
counties. 

Its  shape,  rather  irregular  in  outline,  is  nearly  that  of  a  right- 
angled  triangle,  stretching  in  its  western  irregular  boundary  from 
Richmond  to  Petersburg  in  a  nearly  meridional  line,  thence  in  a 
northeast  course,  defined  by  the  overlapping  rocks  of  the  Tertiary 
formation,  towards  City  Point,  on  the  south  bank  of  the  James  River, 
and  from  there  in  a  north^^est  course  across  the  James  River  about 
one  mile  east  of  the  neck  at  Dutch  Gap,  thence  in  a  course  a  little  less 
northwest  to  Richmond,  where  it  is  exposed  in  the  ferruginous  sand- 
stones, the  lowest  stratum  in  the  valley  of  Shocko  Creek.  It  can  also 
be  noticed  upon  the  top  of  the  tableland  stretching  beyond  the  city 
along  the  James  River  within  two  or  three  miles  west  of  Richmond, 
in  isolated  patches,  in  Henrico  County. 

Its  entire  length  w^ould  be  about  33  miles  from  north  to  south,  and 
8  miles  from  east  to  west  at  City  Point,  comprising  an  area  of  about 
95  square  miles. 

2.  Further  south  the  formation  occurs  in  Greenville  County,  west 
of  Hicksford,  and  also  in  the  adjoining  county  of  Brunswick,  east  of 
Lawrenceville.  None  of  these  regions  have  yet  been  accurately  de- 
fined. 

B.   The  31  Iddle- Eastern  Division. 

1.  Taylor sville  deposits.  Containing  the  territory  of  sandstones  and 
slates,  underlying  the  Tertiary  strata  about  the  South  Anna  River, 
from  the  North  Anna  River  to  Ashland,  Hanover  County. 

This  tract,  which  is  not  well  defined,  is  of  a  somewhat  trapezoidal 
shape.  In  consequence  of  the  easy  decomposition  of  its  constitu- 
ent rocks,  and  the  difficulty  of  distinguishing  the  Mesozoic  debris 
from  that  of  the  underlying  Eozoic  rocks,  which  are  almost  identical 
with  the  Mesozoic  in  material,  the  lines  of  demarcation  are  often 
obliterated. 

Beginning  at  the  head  of  Machump  Creek,  near  the  C.  and  O. 
R.  R.,  south  of  Planover  Courthouse,  the  boundary  extends  in  a 
nearly  westerly  direction  to  the  headwaters  of  Beech  Creek,  thence 
in  a  variously  curved  northern  line  to  near  the  niouth  of  Beaver 
Creek,  at  Newfound  River,  thence  in  a  northeasterly  direction  to  the 
neighborhood  of  Chesterfield  depot.  The  tract,  comprising  nearly  all 
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the  area  between  this  boundary  and  the  North  Anna  River,  is  about  8 
miles  wide  between  the  extreme  east  and  west  points,  and  10  miles 
long  in  its  northeast  and  southwest  course,  and  has  an  area  of  about 
60  square  miles.    Taylorsville  is  situated  nearly  in  its  centre. 

2.  The  Springfield  deposits,  or  Springfield  coal  basin,  a  small  iso- 
lated basin,  near  Hungary  Station,  on  the  F.  and  P.  E,.  R.  in  Hen- 
rico County,  a  short  distance  south  of  Chickahominy  River. 

It  is  a  basin  of  elliptical  shape,  and  extends  southwest  to  the  head 
waters  of  Deep  Run,  It  is  situated  northeast  of  the  main  body  and 
east  of  the  northern  spur  of  the  next  tract,  No.  3,  but  entirely  iso- 
lated from  it  by  nearly  three  miles  of  Eozoic  formation.  Its  length, 
northeast  and  southwest  of  the  main  axis,  is  about  2  miles,  and  its 
width,  abont  one- fourth  of  a  mile  ;  its  area  is  about  1.6  square  miles. 
The  old  Deep  Run  coal  mines  have  been  Morked  in  this  basin. 

3.  The  Richmond  deposits,  or  Richmond  coal  basin.  This,  gener- 
ally known  as  the  Richmond  coal  field,  is  by  far  the  most  important 
of  the  dei^osits.  It  extends  from  the  northern  county  lines  of  Gooch- 
land and  Henrico  counties  across  the  James  River  to  the  Appomattox 
River,  lying  in  Powhatan,  but  mainly  in  Chesterfield  County. 

About  11  miles  west  of  Richmond  it  extends  upon  both  sides  of 
the  James,  but  mainly  upon  the  south.  Its  shape  somewhat  resem- 
bles the  contour  of  a  plum,  with  its  peduncle  pointing  north,  formed 
by  a  narrow  branch  extending  northwards  from  Tuckahoe  Creek  for 
about  six  miles,  averaging  about  one  mile  in  width. 

We  will  commence  to  trace  its  boundary  at  its  northern  extremity 
in  the  northeast  corner  of  Goochland  County,  above  the  head  waters 
of  Little  Tuckahoe  Creek  at  the  northern  apex  of  the  triangle  formed 
by  the  "  Three-chopped,"  the  Manakin  Ferry,  and  Pounce's  Tract,  or 
^Yestham  roads.  It  here  crosses  the  first-mentioned  road,  about  half 
a  mile  east  of  Little  Tuckahoe  Creek,  intersecting  the  main  Tuckahoe 
Creek  near  the  Carbon  Hill  pits,  and  running  almost  due  meridion- 
ally,  forms  the  east  boundary  of  the  spur.  It  now  bears  southeast, 
towards  the  James  River,  crossing  the  same  a  little  above  the  United 
States  Arsenal,  turning  again  in  a  nearly  due  meridional  course  in  an 
irregular  line  (in  consequence  of  some  smaller  outlying  patches)  to 
the  R.  and  D.  R.  R.  about  half  a  mile  east  of  Coalfield  Station,  and  a 
little  west  of  Falling  Creek,  where  we  come  into  the  neighborhood  of 
the  oldest  coal  mines  in  the  country,  the  old  Black  Heath,  ^tna,  and 
Midlothian.  Then  continuing  nearly  in  the  same  direction,  and  main- 
taining a  course  a  little  east  of  the  road  leading  from  the  pits  south  to 
the  Genito  road,  and  passing  through  the  western  part  of  St.  Leger's 
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farm,  the  boundary  line  crosses  Swift  Creek  a  short  distance  below 
the  mouth  of  Dry  Creek ;  continuing  in  this  direction,  and  a  little 
east  of  Dry  Creek,  for  a  short  distance,  it  bears  now  into  a  course 
about  S.  22°  W.,  striking  the  headwaters  of  that  creek;  turning 
still  more  westward,  about  S.  57°  W.,  it  strikes  the  Clover  Hill 
Railroad  about  half  a  mile  west  of  Summit  Station,  and  resuming 
again  the  former  less  westerly  course,  it  passes  about  half  a  mile 
east  of  Winterpock  Creek,  crossing  the  Devil's  Bridge  road  about 
five-eighths  of  a  mile  east  of  the  creek,  and  maintaining  nearly  the 
same  course  it  strikes  the  Appomattox  River  about  one  mile  above 
Eppes's  Falls. 

From  this  point  the  boundary  nearly  coincides  with  the  course  of 
the  river  as  far  as  Winticoraack  Creek.  This  forms  the  most  south- 
ern extremity  of  the  deposits,  there  being  very  few  exposures  of  the 
sedimentary  rocks  south  of  the  river.  Now,  abruptly  turning  to 
the  northwest  and  following  very  nearly  the  course  of  the  river,  the 
boundary  line  strikes  obliquely  across  it,  as  is  shown  by  the  Eozoic 
rocks  about  one  mile  below  Devil's  Bridge,  whence  it  passes  to  the 
mouth  of  Sappony  Creek,  following  the  course  of  the  river  to  near 
Goode's  Bridge,  presenting  one  or  two  small  patches  of  the  sedimen- 
tary formation  on  the  south  side. 

Assuming  now  a  course  nearly  due  north,  the  boundary  crosses 
the  road  from  Colesville  to  Genito,  about  half  a  mile  east  of  Skin- 
quater  Creek,  and  continuing  a  little  east  of  that  creek,  it  crosses 
the  road  from  Chesterfield  Courthouse  to  Genito  about  half  a  mile 
from  the  creek;  thence  it  is  extended  so  as  to  intersect  Swift  Creek 
about  one  mile  below  the  road  from  Genito  to  the  main  Buckingham 
road,  crossing  the  latter  al)out  one  mile  east  of  their  junction.  Bend- 
ing more  eastwardly,  pursuing  the  Dittoway  branch  of  Jones's  Creek, 
and  then  the  creek  itself  for  some  distance,  it  crosses  the  James  River 
in  a  line  east  of  northeast,  about  a  mile  and  a  quarter  west  of 
Manakin  Town  ferry.  Passing  northeast  on  the  north  side  of  James 
River  by  Dover  Church,  the  boundary  line  intersects  the  broad 
branch  of  Tuckahoe  Creek  a  short  distance  above  its  mouth;  turn- 
ing then  abruptly  northwards,  even  a  little  west  of  north,  and  form- 
ing the  western  boundary  of  the  spur,  it  crosses  the  Three  Chopped 
road  a  little  east  of  Big  Tuckahoe  Creek,  and  after  keeping  its  course 
almost  due  north  rounds  off  and  strikes  the  point  at  which  we  started 
to  trace  the  boundary. 

The  main  body  of  this  area  as  delineated  above,  is  accompanied  by 
a  number  of  smaller  branches  and  outlying  basins,  which  either  are 
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entirely  separated  from  the  main  body,  or,  as  it  is  frequently  the  case, 
form  only  branches  of  the  main  body,  produced  by  local  anticlinal 
ridges  of  greater  or  less  magnitude.  Among  the  most  important  on 
the  eastern  boundary  are  those  which  occur  south  of  the  James  River 
and  the  R.  and  D.  R.  R.,  in  the  neighborhood  of  the  National  and 
the  old  Black  Heath  mines,  the  Union  mines  (Greenhole),  east  of 
the  Midlothian,  and  some  still  less  extensive  at  the  Clover  Hill  mines, 
near  the  southern  extremity  at  the  Appomattox,  all  of  them  in 
Chesterfield  County.  Upon  the  western  margin  we  notice  a  branch 
west  of  Sampson's  Hill  on  the  north  side,  and  west  of  Jones's  Creek 
upon  the  south  side  of  the  James,  Extending  from  a  short  distance 
north  of  the  river,  this  prong  unites  with  the  main  body  near  the 
Dittoway  branch  and  the  npper  part  of  Jones's  Creek  in  Powhatan 
County. 

Including  the  northern  spur  the  length  of  this  basin  will  be  about 
31 J  miles,  over  24  miles  of  it  in  the  main  body.  The  width  varies 
from  7|  to  10  miles,  comprising  in  all  an  area  of  about  189  square 
miles. 

C.   The  Iliddle-  Western  Division.  ^ 

1.  Tlie  Aquia  deposits.  Including  the  sandstones  and  slates  un- 
derlying the  Tertiary  strata  about  the  western  bank  of  the  Potomac, 
from  Mount  Vernon  across  Fredericksburg  to  the  INIassaponax  River, 
in  the  counties  of  Fairfax,  Prince  William,  Stafford,  and  Spottsyl- 
vania,  Aquia  lying  near  the  centre  of  its  western  boundary. 

Its  shape  is  that  of  a  narrow  border,  about  four  miles  broad  along 
the  Potomac,  widening  out  abruptly  at  its  southern  extremity  by  bulg- 
ing westward  as  the  area  progresses  southward.  The  more  northern 
tract  skirts  the  Potomac  from  the  upper  extremity  of  the  cliffs  at 
Mount  Vernon,  which  forms  the  northern  termination.  Its  western 
margin,  in  a  southwest  course,  is  observed  a  little  to  the  east  of  the 
old  road  from  Fredericksburg*  to  Colchester  and  Alexandria;  passing 
east  of  Colchester  it  crosses  Neabsco  Creek  a  little  east  of  the  road ; 
also  Occoquan  River,  about  three  and  a  half  miles  west  of  High  Point 
at  Gily  Creek.  Extending  to  Dumfries,  on  the  Quantico  Creek,  an 
eastern  inundation  from  the  main  course  will  be  observed,  pinching 
the  margin  about  two  miles  eastward.  Bearing  again  more  west- 
wardly  until  it  assumes  a  course  about  S.  15°  W.,  crossing  Aquia 
Creek  about  three-quarters  of  a  mile  above  Aquia,  and  below  the 
mouth  of  Beaverdam  and  Cannon  Creek,  and  gradually  turning  more 
to  the  westward  it  passes  within  about  a  mile  and  a  half  northwest 
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of  Stafford  Courthouse;  turning  now  more  abruptly  to  S.  G7°  W.,  it 
crosses  Potomac  Creek  about  one  mile  west  of  Wallace's  mill,  arriv- 
ing at  its  most  western  extremity.  From  this  point  it  gradually 
rounds  off  through  a  southerly  bearing  into  a  course  about  S.  37°  E., 
towards  Fredericksburg,  crossing  the  Rappahannock  about  one  mile 
west  of  Falmouth;  thence  it  curves  again  westward  to  about  S.  30° 
W.,  so  as  to  intersect  the  F.  &  O.  E..  R.,  about  three  miles  from  town, 
and  passing  along  Hazel  Run  it  crosses  the  same  still  further  west, 
nearer  its  headwaters,  forming  another  extreme  western  boundary. 
It  now  assumes  a  northern  bearing,  crossing  Massaponax  River  about 
three  and  a  half  miles  west  of  R.,  F.  &  P.  R.  R.,  and  curving  first 
east  to  form  the  southern  margin  of  the  formation,  it  crosses  that 
railroad  about  one  mile  south  of  Massaponax  River,  running  N.  G0° 
E.,  nearly  with  the  course  of  the  river  towards  the  Rappahannock, 
to  a  point  below  the  mouth  of  Massaponax. 

From  here,  crossing  the  Rappahannock,  the  eastern  margin  of  the 
formation  is  formed  in  a  nearly  north  course  by  the  irregular  boun- 
daries of  the  Tertiary  formation  overlying  it.  About  three  and  a 
half  miles  below  Fredericksburg  it  crosses  the  road  to  Belle  Plain, 
bearing  more  to  the  northeast  to  Potomac  Creek,  a  little  above  the 
church,  and  bearing  still  more  in  that  direction  it  crosses  Accakeck 
Creek  at  Brook's  mill.  From  here  the  course  changes  again  to  nearly 
due  north,  crossing  Aquia  Creek  about  half  a  mile  below  the  mouth 
of  Austin's  Run  ;  turning  more  to  the  eastward  it  crosses  Meadow 
Branch  a  little  above  the  mouth  of  Stillhouse  Branch,  and  bearing 
still  more  northeast  it  is  lost  on  the  banks  of  the  Potomac  about  one 
mile  north  of  Meadow  Branch.  The  balance  of  the  eastern  margin 
to  the  beginning  is  formed  by  the  river  banks. 

Its  greatest  linear  extent  from  Mount  Vernon  to  the  Massaponax 
is  therefore  a  little  over  40  miles,  and  its  greatest  width  at  Potomac 
Creek,  or  at  the  Massaponax  River,  about  8J  miles,  comprising  in 
all  a  superficial  area  of  174  square  miles. 

2.  The  "Farmville  "  deposits  contain  the  two  isolated  basins  upon 
the  north  and  south  side  of  the  Appomattox  at  Farmville,  in 
Cumberland  and  Prince  Edward  counties,  known  as  the  Farmville 
coal  basin.  One,  the  larger  and  most  northern  of  them,  has  nearly 
the  shape  of  a  half  moon,  with  its  concave  side  eastward ;  the  other, 
much  smaller,  has  an  elliptic  shape,  with  the  major  axis  bearing 
southwest.  Farmville  is  situated  just  between  them,  the  former 
stretching  from  the  north  bank  of  the  Appomattox  River  nearly  due 
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north  in  its  main  extension,  the  latter  from  the  south  side  of  the  same 
river  in  a  southwest  course. 

To  trace  the  boundary  of  the  main  basin  we  commence  in  the  fork 
of  Buffalo  Creek  and  Willis's  River,  as  its  most  northern  extremity. 
Bearing  in  a  southwest  direction  it  crosses  the  Ca  Ira  road  about  a 
mile  and  a  half  from  Ca  Ira,  and  east  of  Willis's  Mountain,  inter- 
secting Great  Willis's  Biver  about  one  mile  east  of  Kurdsville,  in 
Buckingham  County,  passing  immediately  east  of  Mrs.  Hendrick's, 
and  then  taking  a  nearly  due  south  direction  to  a  point  below  Sandy 
Ford  bridge,  it  bears  southeasterly  towards  the  mouth  of  Buffalo  and 
Appomattox  River,  just  on  the  edge  of  Farmville.  Passing  through 
the  Bizarre  estate  in  a  northerly  course,  it  crosses  a  westward  road  to 
Dry  Creek,  about  one  mile  west  of  its  intersection  with  the  Forest 
road.  Bearing  again  more  to  the  northward  it  passes  about  three- 
quarters  of  a  mile  west  of  Raine's  tavern,  in  Cumberland,  to  near  the 
intersection  of  Little  and  Great  Willis's  rivers,  thence  in  a  nearly 
northeast  course  it  extends  west  of  Ca  Ira  about  a  quarter  of  a  mile, 
crosses  Raine's  Creek  near  its  mouth,  and  reaches  the  northern  ex- 
tremity mentioned  in  the  beginning. 

The  wdiole  length  of  the  deposit  measured  on  its  curved  axis  would 
be  about  13  miles,  and  being  on  an  average  about  2  miles  wide,  its 
area  is  computed  to  about  20.5  square  miles. 

The  first  small  basin  south  of  the  Appomattox  extends  over  the 
area  from  the  river  southwestwardly  along  the  road  from  Hampden 
Sidney  College  to"  the  river,  to  about  half  a  mile  north  of  King's 
tavern,  its  eastern  boundary  running  nearly  parallel  with,  and  about 
half  a  mile  east  of  Buffalo  Creek,  terminating  again  upon  the  Appo- 
mattox River,  at  the  edge  of  Farmville.  It  is,  in  fact,  but  a  part  of 
the  main  tract  north  of  the  river,  but  nearly  separated  from  it  for  a 
distance  on  its  western  boundary  just  above  the  junction  of  the  Buf- 
falo and  Appomattox,  by  the  exposure  of  the  Eozoic  rocks,  from  which 
the  formation  has  been  removed  by  denudation. 

The  length  of  this  tract  being  about  3  miles  by  1  mile  wide,  its 
area  would  be  about  2.4  square  miles. 

About  two  miles  further  southwest,  near  Prince  Edward's  Court- 
house, we  aj)proach  the  last  of  the  basins,  which  is  of  an  oval  shape. 
Its  northern  margin  is  visible  a  short  distance  south  of  the  court- 
house. Its  western  boundary  ranges  from  half  to  three-quarters  of 
a  mile  east  of  the  main  road  from  Charlotte  Courthouse  to  Farmville 
for  about  two  miles  to  its  southern  terminus  ;  the  eastern  boundary 
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being  marked  by  the  course  of  the  Briery  River,  which  flows  along 
and  sometimes  a  little  within  its  margin. 

Less  than  2  miles  in  length  and  nearly  1  mile  Avide,  its  area  would 
be  about  1.6  square  miles.  All  the  Farmville  basins  together  com- 
prise, therefore,  an  area  of  about  24.5  square  miles. 

D.   The   Western  Division. 

In  linear  extent,  as  well  as  in  superficial  area,  the  western  division 
is  by  far  the  most  important.  Extending  in  two  large  tracts  from 
the  Potomac  River  southwestward  for  80  miles,  and  from  the  Dan 
River  northeastward  for  60  miles,  with  several  exposures  of  the  for- 
mation in  the  interval  of  72  miles,  it  may  be  said  that  it  can  be  traced, 
more  or  less,  across  the  whole  State  of  Virginia. 

1.  The  Potomac  deposits  form  the  most  northern  part  of  this  di- 
vision. Commencing  in  the  State  of  Maryland  it  extends  from  the 
north  side  of  the  Potomac  above  the  falls  through  the  counties  of 
Fairfax,  Loudoun,  and  Fauquier,  to  Robertson's  River,  in  Culpepper. 
Its  shape  in  Virginia  is  that  of  a  prolonged,  nearly  equilateral 
triangle,  with  its  base  along  the  Potomac,  its  apex  in  the  forks  of 
Robertson's  and  Rapidan  rivers,  passing  uninterruptedly  through 
the  counties  named  above.  Beginning  at  its  northwestern  extremity 
about  Noland's  Ferry,  and  the  mouth  of  Chirk's  Run  upon  the  south 
bank  of  the  Potomac,  the  western  boundary  extends  along  to  the 
headwaters  of  Clark's  Run  and  Limestone  Creek,  in  a  course  nearly 
southwest.  Following  the  east  flanks  of  the  Ivittoctan  Mountain  it 
passes  a  little  west  of  Leesburg,  crossing  Goose  Creek  at  Oatland  or 
Carter's  mill,  the  A.  &  H.  R.  R.  about  a  quarter  of  a  mile  east  of 
Aldies,  and  extending  along  the  base  of  Bull  Run  Mountain  in 
nearly  a  uniform  course,  it  crosses  the  Manassas  Gap  Railroad  about 
a  quarter  of  a  mile  east  of  the  mill  at  the  end  of  the  Gap.  It  con- 
tinues close  to  the  eastern  flanks  of  Pond  Mountain  and  Baldwin's 
Ridge,  crossing  Cedar  Run  a  little  below  Blower's  Branch,  about  two 
and  three-quarters  miles  east  of  Warrenton,  whence  it  bears  more 
southwestward  towards  the  headwaters  of  Licking  River,  about  a 
mile  and  a  half  west  of  Germantown  and  Fayetteville,  crossing  the 
Hedgman's  River  a  little  below  Freeman's  Ford,  and  Asthara  River 
above  the  mouth  of  Muddy  Run.  Passing  a  little  west  of  Fairfax  it 
intersects  Cedar  Run  a  little  to  the  eastward,  where  it  is  crossed  by 
the  road  leading  from  Fairfax  to  Orange  Courthouse;  bearing  now  a 
little  more  southwestward  it  terminates  at  its  southern  extremity  at 
the  mouth  of  Robertson's  River,  and  the  south  fork  of  the  Rapidan. 
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Tracing  the  eastern  boundary  from  this  point  we  have  a  variously 
interrupted  exposure  of  the  formation  along  the  Rapidan  River, 
for  about  three-quarters  of  a  mile  to  Raccoon  Ford.  It  now  diverges 
from  its  former  due  east  course,  leaving  also  the  river  until  it 
touches  the  Courthouse  road,  between  half  and  three-quarters  of  a 
mile  towards  the  south  ;  it  then  bends  a  little  northwards,  curving 
around  so  as  to  strike  the  river  about  one  mile  above  the  mouth  of 
Brook's  Run,  and  crossing  the  Rapidan  in  a  northeasterly  direction, 
it  passes  Brook's  Run  a  short  distance  above  its  mouth,  intersecting 
the  road  leading  from  Germanna  Ford  to  Stevensburg,  at  a  point  a 
little  west  of  the  fork  near  the  meeting-house.  Thence  bending 
slightly  towards  the  north  it  crosses  Mountain  Creek,  about  two 
miles  above  its  mouth,  and  strikes  the  north  fork  of  the  Rappa- 
hannock a  short  distance  above  the  mouth  of  Marsh  Run.  Now 
pursuing  a  course  ahiiost  due  northeast  it  strikes  tlie  head  of  Elk 
Run  a  short  distance  east  of  Hickerson's,  at  the  cross-roads,  and, 
turning  rather  more  towards  the  north,  passes  west  of  Brentville, 
and  east  of  New  Market,  so  as  to  cross  the  O.  &  A.  R.  R.,  just  west 
of  Centreville.  From  this  point,  continuing  in  nearly  the  same  direc- 
tion, it  intersects  the  A.  &  W.  R.  R.  east  of  the  headwaters  of  Salis- 
bury Plain  Run,  about  four  and  a  half  miles  west  of  Fairfax  Court- 
house, the  G.  &  L.  R.  R.  at  Drainsville,  striking  the  Potomac  River 
at  a  point  about  one  or  two  miles  below  the  mouth  of  Seneca 
Creek  in  Maryland.  Of  its  prolongation  into  Maryland  it  may  be 
stated,  that  while  the  western  boundary  keeps  nearly  the  same 
course  as  the  boundary  in  Virginia,  about  parallel  with  the  Mo- 
nocacy  River  to  Frederick,  Maryland,  the  eastern  boundary,  after 
passing  across  the  Potomac,  quickly  bends  around  to  the  north,  and 
then  to  the  northwest,  so  as  to  pass  over  the  Seneca,  between  the 
mouth  of  the  Dry  and  Little  Seneca,  and  to  intersect  the  Little 
Monocacy  some  distance  above  its  mouth,  whence,  turning  to  the 
north,  afterwards  the  northeast,  it  crosses  the  Big  Monocacy  very 
obliquely,  and  shows  itself  on  the  B.  &  O.  R.  R.  towards  Frederick, 
and  farther  northeast,  in  a  much-contracted  area. 

Its  entire  length,  measured  along  the  western  boundary,  from  the 
northern  extremity  on  the  Potomac  to  its  extreme  southern  point  on 
Robertson's  River  is  74  miles,  its  width  upon  the  Potomac  (being 
the  widest  part)  about  14|  miles,  making  the  entire  area  of  country 
covered  by  this  formation  about  651  square  miles. 

2.  TJie  Barhoursville  deposits  is  a  small  area,  in  Orange  County, 
on  the  south  side  of  the  Rapidan,  of  an  elliptical  shape.     It  com- 
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mences  at  the  Rapidan  River,  near  the  mouth  of  Baylor's  Run,  thence 
bearing  to  the  southwest  it  passes  a  short  distance  east  of  the  mill 
where  the  Orange  Courthouse  turnpike  touches  the  river,  aud  con- 
tinues on  a  little  westward  of  the  meeting-house  about  one  mile 
beyond  Barboursville.  From  this  point,  the  most  southern  extremity, 
it  may  be  traced  a  little  east  of  the  headwaters  of  Blue  Run,  and  run- 
ning nearly  parallel  with,  but  east  of  that  stream,  passes  the  mill 
below  Beaver  Branch.  Continuing  in  the  same  direction  parallel  to 
the  west  flank  of  the  Southwest  Mountain,  it  passes  a  little  M'est  of 
Montpelier,  striking  the  road  from  Orange  Courthouse  to  Staunards- 
ville  at  the  eastern  crossing  of  Baylor's  Run;  by  bearing  a  little 
northwest  it  terminates  at  the  beg-innino;. 

About  9  miles  long  and  2  miles  wide  at  its  widest  part,  its  area 
would  be  about  14  square  miles. 

3.  Tlie  James  River  deposits  contain  several  occurrences  of  the 
formation  about  Warminster,  on  both  sides  of  James  River,  ex- 
tending into  Nelson,  Buckingham,  and  Fluvanna  counties.  They 
are  situated  in  the  wide  interval  between  Barboursville  and  those  at 
Danville,  to  be  traced  below.  They  are  less  defined,  and  consist  of 
more  isolated  narrow  patches,  stretching  for  about  eighteen  miles 
from  the  southwest  corner  of  Fluvanna  County,  about  the  Hardware 
River,  with  a  width  of  about  five  miles,  to  a  distance  of  about  one 
mile  below  Warminster  on  the  James,  where  the  formation  is  much 
narrower,  showing  exposures  west  of  Scottsville,  below  the  mouth  of 
the  Rockfish  River,  upon  the  north  side,  and  higher  up  upon  the 
south  side  of  the  same,  and  also  below  Warminster.  Its  area  cannot 
yet  be  computed  correctly,  but  would  beabout  40  to45  square  miles. 

4.  Tlie  Danville  deposits  extend  from  Falling  River,  in  Camp- 
bell County,  across  the  Staunton  River,  through  Pittsylvania 
County,  to  the  north  side  of  the  Dan  River,  just  above  Danville. 
Its  shape  is  that  of  a  long  and  narrow  strip,  wider  at  its  southern 
than  northern  extremity,  wdth  an  expansion  in  its  contour  along  the 
western  margin  nearer  the  centre  of  the  tract,  extending  to  the  head- 
waters of  Stinking  Creek. 

Beginning  at  the  northern  extremity  near  the  mouth  of  Rattle- 
snake Creek,  in  Campbell  County,  taking  a  southwest  course,  it 
crosses  the  road  from  Campbell  Courthouse  to  Reid's  Bridge  on 
Falling  River,  about  a  mile  and  a  half  west  of  the  bridge,  crosses 
Molley's  Creek,  at  the  lower  mill,  and  continuing  in  a  nearly 
straight  southwest  course,  crosses  Staunton  River,  a  short  distance 
above  the  upper  end  of  Long  Island.     Bearing  now  more  westward 
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to  Chalk  Level,  it  passes  near  the  main  road  to  Lynchburg  at 
George's  Creek.  Thence  in  a  southeasterly  and  afterwards  nearly 
southerly  direction,  it  passes  one  mile  east  of  the  White  Thorn 
Tavern  at  the  creek  of  the  same  name  to  within  two  miles  east  of 
Competition,  and  taking  now  a  westerly  turn  crosses  Cherrystone 
Creek  about  two  and  a  half  miles  above  its  mouth,  and  the  Bannister 
River  about  one  mile  east  of  the  mouth  of  White  Oak  Creek.  From 
here  it  follows  the  western  flank  of  the  White  Oak  Mountain,  pass- 
ing about  one  mile  east  of  Chesnut  &  Fitzgerald's  store,  and  crossing 
Sandy  Kiver  about  one  mile  east  of  Dalla's  Bridge  arrives  at  the 
southern  extremity  of  the  line  at  the  end  of  White  Oak  Mountain. 
Here  it  is  inflected  by  the  mountain,  and  passes  round  its  southern 
edge  in  an  easterly  direction  to  a  point  about  a  mile  and  a  quarter 
north  of  Bachelor's  Hall,  and  continues  on  to  within  three-quarters 
of  a  mile  of  Dan  River,  and  within  about  two  miles  of  Danville. 

It  now  assumes  a  northeasterly  course  nearly  parallel  with  its  west- 
ern boundary,  and  intersects  the  road  from  Danville  to  Pleasant  Gaj), 
in  the  White  Oak  Mountain,  about  five  and  a  half  miles  north  of 
Danville;  crossing  Sandy  Creek  near  the  road  to  Charlotte  Courthouse 
and  the  headwaters  of  Shockoe  Creek  it  passes  within  half  a  mile 
west  of  Riceville.  From  here  its  eastern  boundary  is  almost  a 
straight  line  across  the  Staunton  River,  about  half  a  mile  below 
Pannel's  Bridge,  in  a  general  course  N.  30°  E.,  almost  parallel 
with  its  western  boundaiy  to  the  west  of  Nowlans,  and  after  passing 
about  three-quarters  of  a  mile  east  of  Reid's  Bridge  it  curves  gently 
round  to  the  beginning.  Its  extreme  length  northeast  and  southwest 
is  54  miles,  its  greatest  width  at  Brushy  Mountain  8  miles,  but  its 
average  width  will  not  exceed  more  than  4  to  4^  miles.  The  area  of 
the  formation  thus  delineated  may  therefore  be  computed  to  be  from 
260  to  272  square  miles. 

5.  The  Dan  River  deposits  comprise  the  small  portion  of  the  tract 
a  little  west  of  the  former  at  Smith's  River,  passing  across  the  Dan 
River  into  the  State  of  North  Carolina,  and  known  there  as  the 
Dan  River  coal  basin.  Its  whole  extent  is  about  40  miles  long, 
of  which  only  about  8  miles,  the  extreme  northern  end,  is  situated 
in  Virginia,  the  balance  being  in  the  counties  of  Rockingham  and 
Stokes,  in  the  general  direction  from  Leaksville  to  Germantown. 
The  width  of  tiic  basin  varies  from  four  to  seven  miles. 

The  outline  of  the  portion  in  A^irginia  may  be  traced  by  begin- 
ning at  the  State  line  about  one  mile  east  of  Cascade  Creek,  pass- 
ing northeast  in  a  course  nearly  parallel  with  the  creek  to  a  point 
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a  little  east  of  the  village  of  Cascade,  thence  turning  westward  so  as 
to  cross  the  creek  about  five  miles  from  the  State  line,  and  sweeping 
around  to  a  southwesterly  direction,  intersecting  Smith's  River  near 
the  State  line  in  its  western  boundary.  The  area  of  this  small  por- 
tion mav  be  about  14  scpiare  miles.  The  whole  area  of  the  Mesozoic 
formation,  as-existing  and  distinctly  traced  out  in  Virginia,  amounts, 
according  to  the  areas  given,  to  1495  square  miles.  But  including 
the  tracts  at  Hicksford  and  James  "River,  it  will  amount  to  over 
1500  square  miles.  Of  this,  over  1150  square  miles  would  be  com- 
prised in  the  western,  and  over  345  square  miles  in  the  eastern  lo- 
calities; 329  square  miles  occur  immediately  along  and  ultimately 
overlaid  by  the  Tertiary,  and  11 66  square  miles  in  the  isolated  tracts 
surrounded  entirely  by  Eozoic  rocks. 

II.  Description  of  the  Rocks  constituting  the  Formation. 

The  principal  rocks  constituting  the  formation  are  sandstones  and 
slates  of  various  grades  and  colors;  occasionally  conglomerates  and 
limestones,  shales  or  fireclays,  and  seams  of  bituminous  coal,  as  well 
as  a  number  of  accessory  minerals  and  igneous  rocks  are  met  with. 
The  latter  are  occasionally  found  to  have  penetrated  the  series  of 
sedimentary  rocks,  which  display  a  great  variety  of  color,  texture, 
and  solidity  in  rapidly  changing  strata. 

1.  Conglomerates. — With  the  exception  of  the  occasional  occurrence 
of  rather  coarse  sandstones,  the  conglomerates  are  apparently  very 
few  in  number.  One  occupies  the  lowest  position  in  the  series,  and 
therefore  forms  the  bottom  of  the  basins,  although  its  outcrop  is 
not  always  perceptible.  It  consists  of  large  pebbles  of  quartz, 
granite,  and  other  crystalline  rocks,  such  as  epidote,  also  gneiss 
and  hornblendic  rocks,  and  the  Eozoic  slates,  which  formed  the  bor- 
ders of  the  valleys  in  which  the  deposition  occurred.  Even  the 
rocks  of  the  Blue  Ridge  have  given  their  contingent  at  some  of  the 
localities.  The  boulders  vary  much  in  size.  No  doubt,  from  ves- 
tiges found  at  the  surface,  they  .sometimes  attain  very  large  dimen- 
sions, while  pieces  of  the  size  of  a  nut  and  ^^g  are  quite  common. 
The  cementing  mass  varies  from  a  silicious  to  a  highly  calcareous 
and  argillaceous  material,  but  in  many  instances  must  be  of  a  very 
friable  nature;  highly  ferruginous  cements  are  also  found,  particu- 
larly in  the  upper  strata  of  the  series.  Again,  as  in  the  Poton)ac 
marble,  the  pebbles  are  largely  of  a  calcareous  character,  differing  in 
that  respect  materially  iu  various  portions  of  the  State. 


240  THE   MESOZOIC   FORMATION   IN   VIRGINIA. 

The  color  of  the  conglomerates  must  consequently  differ  greatly. 
Gray  and  greenish-gray  shades,  or  brown  and  ochreous  tints  are  the 
most  frequent.  The  large  boulders  of  granite  and  other  crystalline 
rocks  being  set  free  from  their  cement  by  decomposition,  occur  close 
up  to  the  Eozoic  base  rocks,  and  may  sometimes  be  confounded  with 
them. 

2.  Sandstones. — These  rocks  are  represented  by  a  great  number 
of  varieties.  In  general  they  are  either  of  a  gritty  silicious  or  of  a 
friable  argillaceous  character.  The  former  furnish  a  tolerably  firm, 
and  occasionally  even  a  good  material  for  building. 

a.  Psephites — silicious  and  feldspathic  sandstones.  Most  of  them 
are  entirely  composed  of  quartz  and  feldspar,  the  larger  grains  not 
exceeding  generally  the  size  of  peas,  and  diminishing  to  fine  parti- 
cles of  sand.  In  many  instances  it  is  the  perfect  arhose,  or  feld- 
spathic sandstone,  in  others,  of  rarer  occurrence,  the  silicious. material 
(in  appearance  almost  a  quartzite)  predominates.  This  is  particu- 
larly the  case  in  the  lowest  strata  of  the  formation.  Mica,  princi- 
pally muscovite,  in  small  silvery  scales,  occurs  not  unfrequently. 

The  quartz  is  either  milky,  smoky,  or  of  a  bluish-gray  opal  color; 
it  is  also  frequently  colorless.  The  feldspar  is  principally  white,  or 
light  gray,  and  often  decomposed  into  kaolin.  Most  of  these  sand- 
stones, particularly  those  in  which  the  decomposition  of  the  feldspar 
has  not  progressed  so  far,  effervesce  strongly  with  acids,  showing  the 
presence  of  carbonate  of  lime,  indicating  probably  the  presence  of 
various  varieties  of  feldspar  as,  for  instance,  labradorite.  It  is  a 
remarkable  fact,  at  least  in  the  Richmond  deposits,  that  while  in 
the  upper  strata  of  the  forniation  only  the  white  or  gray-colored 
feldspar  occur,  from  a  certain  horizon  lower  down  the  flesh-colored 
orthoclase  begins  to  make  its  appearance. 

The  consistency  of  the  sandstones  is  more  or  less  hard  and  dur- 
able ;  according  to  the  condition  of  the  feldspar,  some  of  them  pre- 
senting a  hard  and  good  building  material,  others  decaying  fast  by 
exposure. 

The  colors  of  these  sandstones  are  .generally  white,  light-gray,  and 
buff.  In  the  eastern  range  these  colors  predominate  in  the  upper 
strata.  In  the  lower,  some  red-colored  sandstones  of  a  ferruginous 
character  are  found  to  exist  in  more  or  less  thick  strata.  "Particles 
of  specular  iron  ore  may  be  detected  in  them,  while  the  coloring 
matter  consists  of  the  hydrous  oxide  of  iron. 

In  the  western  deposits,  the  red-colored  sandstones  are  far  more 
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frequent,   indicating  in   each  instance  whence  the  material  has  been 
derived  to  form  the  secondary  deposits. 

Occasionally  very  dark  gray  sandstones  of  the  psephitic  descrip- 
tion occur,  which  by  all  indications  must  have  undergone  a  consider- 
able change  through  igneous  action.  They  are  distinctly  but  very 
closely  grained,  containing  also  crystals  of  feldspar,  generally  of  a 
highly  vitreous  appearance,  imbedded  in  a  silicious  and  appar- 
ently vitrified  aluminous  paste.  Even  the  impressions  and  carbonized 
remains  of  vegetables  are  noticed  in  it.  The  rock  has  frequently  a 
great  degree  of  tenacity,  and  at  first  sight  has  a  close  resemblance  to 
some  of  the  poi'phyritic  rocks.  They  are  frequently  met  with  at 
disturbed  locations,  near  the  saddles  or  anticlinals. 

Very  few  indications  of  organic  remains  are  met  with  in  the 
psephites  beyond  some  small  carbonized  vegetable  particles  of  the 
nature  of  mineral  charcoal.  Some  few  strata,  generally  more  por- 
ous, are  either  of  a  light  color,  with  yellowish-green  spots,  or  of 
a  uniform  dark  brownish-green  tint.  They  contain  mineral  oil, 
which  maybe  readily  perceived  by  its  smell,  when  the  impregnation 
is  strong,  or  occasionally  even  by  drops  of  oil  collected  in  small 
caverns  of  the  more  porous  rock ;  they  also  have  the  greasy  ap- 
pearance and  feel.  When  the  oiliness  is  not  marked  it  can  still 
be  perceived  by  moistening  with  some  liquid,  which  will  not  soak 
into  the  pores,  as  in  other  rocks,  but  accumulate  as  a  fixed  globule. 
In  stronger  oil-rocks  water  is  sufficient,  in  the  weaker  a  drop  of 
acid  is  prefera"ble.  The  drop  of  water  or  acid  let  fall  upon  the 
rock,  from  the  point  of  a  glass  rod,  will  remain  for  a  shorter  or 
longer  time,  as  a  perfect  globule  on  oily  rocks,  while  on  non-oleifer- 
ous  rocks  it  will  be  soaked  up  immediately.  There  are  various 
strata  of  oil-rocks  at  certain  fixed  horizons  in  the  formation.  So 
far,  their  only  practical  value  will  be  as  a  landmark  for.  the  seams  of 
coal. 

b.  Psammifes.  This  subdivision  of  sandstones  is  also  largely  rep- 
resented in  the  formation,  particularly  in  the  western  localities. 
They  are  largely  composed  of  argillaceous  matter  in  which  fine  sili- 
cious sand,  and,  but  sparingly,  larger  grains  of  quartz,  and  even 
feldspar,  are  found  more  or  less  regularly  disseminated.  Mica,  prin- 
cipally in  the  fine  silvery  scales  of  muscovite,  but  sometimes  the 
black  variety,  or  biotite,  is  found  invariably  in  them,  sometimes 
so  largely  as  to  form  micaceous  psammites,  which  being  generally 
finely  laminated,  appear  as  micaceous  slates.  Chloritic  minerals  also 
sometimes  take  part  in  their  composition.     The  principal  colors  of 
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these  sandstones  are  again  various  shades  of  rather  dark  gray, 
greenish  and  yellowish  gray,  red  and  buff.  When  they  contain  much 
carbonaceous  matter,  mIucIi  is  frequently  the  case,  they  are  dark 
gray  and  grayish-black. 

While  the  psephites  are  most  frequently  calcareous,  the  psammites 
show  an  almost  entire  absence  of  calcareous  matter.  They  are  also 
uon-oleiferous.  They  show  more  indications  of  organic  remains, 
particularly  of  vegetable  origin,  as  the  remains  of  casts  of  trunks  of 
trees,  the  impressions  of  reeds  and  leaves,  which  are  occasionally  con- 
verted into  coal,  lignite  or  mineral  charcoal,  in  the  carbonaceous 
rocks. 

3.  ASlates  and  Shales.  The  argillaceous  sandstones  are  gradually 
passing  into  real  argillaceous  or  micaceous  slates  by  the  degradation 
of  their  materials  into  the  finest  particles.  Some  are  entirely  free  of 
grit,  passing  into  vitrified  clay,  shale,  or  fireclay.  Some  of  them 
retain  a  tolerably  firm  laminated  structure,  which  in  some  instances 
may  be  carried  to  a  great  degree  of  divisibility.  But  they  are, 
nevertheless,  unfit  for  slating,  being  too  much  affected  by  the 
weather.  In  other  instances,  the  slates  fall  into  thin  angular  frag- 
ments soon  after  being  exposed  to  the  air.  The  shales  of  a  very  fine 
texture  are  characterized  by  soon  falling  into  irregular  fragments, 
and  by  decomposing  readily  into  a  good  clay  for  ceramic  purposes. 
The  color  of  the  slates  is  variously  gray,  greenish,  and  bluish-gray, 
dark  drab,  brown,  and  nearly  black ;  in  the  western  districts,  red 
shales  are  also  found.  The  shales  are  generally  of  light-gray  or  asH- 
color. 

Some  of  the  dark-brown  and  black  slates  contain  considerable 
carbonaceous  and  bituminous  matter,  and  some  would  yield  a  large 
quantity  of  illuminating  material.  Some  of  them  when  cut  by  the 
knife  appear  almost  like  brown  coal,  or  the  impure  qualities  of  the 
Kanawha  cannel. 

Iron  pyrites,  in  a  finely  divided  state,  as  well  as  in  concretions  and 
large  crystals,  is  frequently  met  with  in  the  black  and  brown  slates ; 
also  carbonate  of  lime  in  concretions,  some  of  fibrous  texture,  and 
some  in  scales  and  small  seed-like  grains;  the  remains  of  a  species 
of  Cythere  occur  in  some  of  the  strata. 

In  regard  to  the  organic  remains  the  slates,  and  particularly  the 
black  slates,  offer  the  greatest  treasury  amongst  all  the  rocks.  The 
impressions  of  whole  fish,  multitudes  of  scales,  small  bones,  and 
saurian  teeth,  two  species  of  Estheria,  Cythere,  reeds  and  stems  of 
Equisda  and  Calamites,  and   also,  but  more   rarely,  various   leaves 
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occur,  principally  in  the  smooth,  divisible,  most  argillaceous,  but 
also  most  fragile,  slates.  In  consequence  of  the  bituminous  and 
pja'itical  nature  of  the  same,  they  possess  in  a  high  degree  the  prop- 
erty for  spontaneous  combustion  [BrandscMcfer). 

4.  Limestones.  They  are  confined  to  a  few  distinct  strata  of  con- 
siderable thickness.  But  they  occur  not  unfrequently  in  the  form 
of  scales  and  crystals  of  calcites,  in  streaks,  seams  and  concretions  of 
more  or  less  magnitude  and  in  spherical  or  lensiform  shapes. 

They  are  generally  of  a  close  texture  or  arenaceous,  but  occur  also 
as  fibrous  and  crystallized  calcite.  The  color  is  principally  light  or 
dark  gray,  brownish,  or  ash-color.  A  notable  quantity  of  carbonate 
of  iron  is  found  in  some  of  the  limestones,  but  not  in  sufficient 
quantity  to  make  it  a  carbonaceous  iron  ore.  Upon  some  of  the  slabs 
of  limestone  perfect  crystals  of  gypsum  and  iron  pyrites  are  found 
in  considerable  profusion. 

5.  Coal.  The  coal  which  occurs  in  this  formation  is  mostly  of  a 
highly  bituminous  character,  and  must  be  classed  amongst  the  cak- 
ing and  gas  coals,  both  of  which  qualities  it  possesses  in  a  very  high 
degree.  Still  at  certain  localities  a  less  bituminous  and  even  non-bi- 
tuminous coal,  carbonite,  semi-anthracite,  and  natural  coke  are  met 
with. 

Physical  Characters  of  the  Coals. 

a.  Bituminous  Coal.  It  is  highly  laminated,  bright  black  jet, 
highly  resinous,  thick  laminae,  generally  in  thick  layers,  alternating 
with  dull  black  lamina)  of  less  dimensions.  On  the  fresh  fracture, 
Avhich  is  more  or  less  conchoidal,  it  is  jet  black  ;  lustre  resinous, 
splendent;  it  splits  readily  parallel  to  its  stratifications,  which  are 
strongly  marked  by  the  appearance  on  the  surface  of  the  dull  variety 
mentioned  above  in  a  thin  film.  Its  specific  gi'avity,  according  to 
Professors  O.  P.  Hubbard  and  B.  Silliman,  is  1.292;  according  to 
Professor  Johnson,  specific  gravity,  1.246,  and  the  weight  of  one 
cubic  yard,  2075  lbs. 

It  contains,  on  the  average,  from  30  to  38.5  per  cent,  of  volatile 
matter;  59  to  QQ  per  cent,  of  fixed  carbon;  2  to  10.8  (average  of 
twenty-one  analyses,  5.58)  per  cent,  of  ash,  and  0.6  to  1.7  per  cent, 
of  sulphur. 

b.  Carbonite.  The  true  carbonite  is  probably  only  a  semi-bitu- 
minous coal,  generally  with  a  large  amount  of  earthy  impurities. 

In  appearance  it  is  of  a  dark  iron-gray  or  grayish-black  color, 
dull,  or  semi-metallic  lustre,  compact  and  even  very  tough,  but  not 
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hard  to  cut.  Hardness,  =  2.5.  Specific  gravity,  =  1.323  (Professor 
Johnson). 

It  contains  about  11  per  cent,  of  volatile  (scarcely  bituminous) 
matter,  80  per  cent,  of  fixed  carbon,  and  from  9  to  22  per  cent,  of 
ash,  also  considerable  sulphuret  of  iron. 

In  certain  instances  it  has  the  property  of  decrepitating  very  badly. 
Slickensides  are  not  unfrequently  noticed  upon  it. 

c.  Natural  CoJce.  The  true  natural  coke,  althouo-h  the  carbonite  is 
also  generally  termed  natural  coke,  differs  materially. in  aspect  from 
the  preceding. 

It  is  of  a  dark  iron-black  color,  of  more  metallic  lustre,  porous, 
and  has,  jn  general,  more  the  aspect  of  an  artificial  coke  than  the 
former.  It  is  found  at  such  places  where  igneous  rocks  influenced 
the  bituminous  coal  and  deprived  it  of  its  bitumen. 

d.  Semi-anthracite.  Under  the  same  conditions  as  the  former  a 
volatilization  of  bituminous  matter  has  taken  place,  producing  in 
some  cases  an  anthracitic  coal,  which  much  resembles  the  true  an- 
thracite, particularly  in  the  Dan  River  deposits.  It  is  hard,  of  iron- 
black  color,  submetallie  lustre,  and  conchoidal  fracture. 

6.  Igneous  Mocks.  Penetrating  the  sedimentary  rocks,  igneous 
rocks  are  occasionally  met  w^ith  in  the  form  of  dikes.  They  are  gen- 
erally dolorite,  but  in  some  instances  euphotide  (feldspar-euphotide, 
containing  sphrerosiderite  and  fluorspar  in  crystals  and  epidote-eupho- 
tide).  The  former  are  generally  dark  gray  or  greenish-black,  the 
latter  light  gray  or  yellowish-gray,  very  compact,  hard,  and  crypto- 
crystalline.  Amygdaloids  are  also  found  with  their  cavities  filled 
by  epidote,  quartz,  and  chalcedony. 

7.  Accessory  llinerals.  Among  the  occurring  minerals  but  few  can 
be  noticed,  none  being  of. any  importance  in  a  practical  point  of  view. 
Malachite,  Libethenite,  and  Copper  Pyrites  are  sometimes  met  with 
as  thin  incrustations  between  the  strata  of  the  sedimentary  rocks; 
also  some  of  the  fossil  remains  are  incrusted  by  them. 

Gypsum.  This  mineral  is  found  in  the  coal  mines  of  the  James 
Hiver  basin,  in  a  profusion  of  well-formed  crystals  upon  the  surface 
of  limestone  strata.  The  crystals  lie  flat  upon  the  joints  of  the  slabs, 
and  in  some  instances,  where  space  admits,  they  stand  in  erect  po- 
sitions, but  inclining  at  the  angle  to  the  main  axes,  leaving  the 
distinct  tracing  of  the  section  of  the  crystal  as  a  print  upon  the 
surface  of  the  limestone  when  detached  from  it. 

Iron  Pyrites.  It  occurs  as  the  cubic  pyrites  and  marcasite  in  well- 
defined  crystals,  also  finely  disseminated  through  the  slates  and  upon 
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the  stratification   planes  of  the  coah     It  also  occurs  in  spherical 
masses  of  more  or  less  magnitude,  termed  ''  sulphur  balls." 

Carbonate  of  Iron.  Among  the  calcareous  concretions  and  small 
limestone  strata,  we  may  notice  some  which  contain  notable  quanti- 
ties of  carbonate  of  iron.  They  are  of  a  dark  grayish-black  color, 
compact  in  texture  and  of  an  earthy  appearance,  differing  by  nothing 
else  apparently  from  the  other  calcareous  concretions  except  their 
greater  weight.  Samples  have  yielded  as  much  as  fifteen  per  cent, 
of  peroxide  of  iron. 

III.  General  Geological  and  Stratigraphical  Characters 
OF  the  Formation. 

It  has  been  already  stated  that  the  sedimentary  deposits  participat- 
ing in  this  formation,  when  exhibited  upon  a  topographical  map, 
appear  either  as  isolated  basins  or  unconnected  strips,  passing  ip  the 
latter  instance  below  the  Tertiary  formation,  which  in  this  state  im- 
mediately succeeds  the  Triassic  deposits  of  the  Mesozoic  formation. 
But  by  a  closer  examination  regarding  the  present  topography  of 
the  country,  some  interesting  deductions  may  be  drawn,  which  by 
proper  interpretation  may  have  considerable  practical  value. 

Assuming  an  imaginary  line  parallel  to  the  course  of  the  Blue 
Ridge  Mountain  in  this  State,  which  in  its  main  bearing  will  be 
from  N.  35°  to  48°  E.,  not  taking  in  consideration  the  deflected 
portion  of  the  southeastern  extremity,  we  will  find  the  axis  of  the 
isolated  patches  of  more  or  less  magnitude,  to  conform  to  two  double 
ranges,  two  eastern  and  two  western,  which  have  been  termed  re- 
spectively the  Eastern,  Middle-eastern,  Middle-western  and  Western 
deposits  (see  Map,  Plate  V).  Proceeding  from  the  southern  extremity 
we  will  notice  that  the  extreme  northern  parts  of  three  of  the  divisions, 
ilamely,  the  Eastern,  Middle-eastern,  and  Middle-western,  underlie 
in  their  eastern  extension  the  Tertiary  strata  in  this  State,  which  for- 
mation is  fully  distinguished  by  its  different  stratigraphical,  litho- 
logical,  and  palreontological  characters,  while  the  Mesozoic  formation 
itself  rests  upon  Eozoic  rocks,  the  precise  age  of  which  has  not  yet 
been  defined  in  all  instances.  The  southern  extremities  on  the  con- 
trary, as  well  as  the  entire  western  range,  rest  also  entirely  upon  the 
Eozoic  rocks,  but  are  mostly  deprived  of  their  incumbent  Tertiary 
strata,  most  of  the  covering  being  Quaternary  deposits.  Within  the 
lines  of  bearing  of  the  different  ranges  we  find  considerable  inter- 
vals, where  even  the  Mesozoic  formation  has  partially  disappeared. 
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The  question  of  interest  would  be  to  ascertain  if  a  former  connection 
of  all  the  separate  deposits  did  exist,  and  if  their  present  positions 
warrant  such  a  supposition. 

In  the  absence  of  a  full  series  of  altitude  observations,  we  will 
depend  principally  upon  the  natural  system  of  drainage,  as  now 
noticed  upon  the  map,  to  ascertain  the  summits  and  general  declin- 
ations in  tlie  State,  with  such  numerical  data  as  have  been  collected 
to  test  the  point  in  question. 

On  a  general  view  of  the  map  we  will  notice  three  main  channels 
of  drainage  in  that  part  of  the  State  east  of  the  Blue  Ridge.  In  the 
southwestern  extremity  of  the  State  we  have  the  most  southern  chan- 
nel, formed  by  the  Dan  and  Staunton  rivers,  with  all  their  tribu- 
taries, flowing  east  or  southeast  to  form  the  Roanoke,  and  passing 
thus  through  the  Albemarle  Sound  into  the  Atlantic.  The  ele- 
vation of  the  headwaters  of  those  streams  along  the  Alleghany,  or 
rather  eastern  base  of  the  Blue  Ridge  Mountain,  is  about  900  feet 
at  the  passage  of  the  Roanoke  or  Staunton  River.  Its  extreme 
northern  summit  will  be,  about  the  base  of  the  Peaks  of  Otter,  over 
1000  feet  above  tide.  Liberty  being  947  feet. 

In  the  central  part  of  the  State  we  have  the  James  River  channel, 
with  its  tributary  rivers  as  far  north  as  the  headwaters  of  the  Ri- 
vanna.  The  elevation  of  the  James  River  at  Balcony  Falls  is  706 
feet,  at  Lynchburg  513,  Scottsville  275,  Columbia  205,  Dover  145, 
and  Richmond  30  feet.  With  its  southern  summit  at  the  former 
base  of  the  Peaks  of  Otter,  its  northern  summit  will  be  at  the  head- 
waters of  Swift  Run,  south  of  Swift  Run  Gap,  probably  over  900 
feet,  this  being  the  elevation  at  Rockfish  Gap,  southwest  of  it.  The 
direction  of  the  James  River  from  Balcony  Falls,  at  the  foot  of  the 
Blue  Ridge,  to  Lynchburg,  is  about  southeast,  but  takes  at  this  point 
an  abrupt  turn  at  right  angles  into  a  direct  northeast  course  for  about 
40  miles,  then  resumes  its  southeast  course  to  Richmond.  Along 
this  line  of  northeastern  direction  a  summit  is  distinctly  visible,, 
at  Concord,  833  feet,  and  Appomattox  Courthouse,  835  feet,  divid- 
ing the  waters  of  the  Appomattox  from  those  of  the  southern  line  of 
drainage  on  the  south  side  of  the  James  River,  and  a  similar  summit 
between  Fredericksburg,  48  feet,  and  Gordonsville,  498  feet,  turning 
the  waters  of  the  South  Anna,  North  Anna,  and  Mattapony  rivers 
respectively,  with  those  of  the  James  River  and  its  tributaries,  into 
the  Chesapeake  Bay.  All  those  streams  have  a  more  or  less  south- 
east course.  The  most  northern  line  of  drainage  is  effected  by  the 
Potomac  River.     At  an  elevation  at  Harper's  Ferry  of  205  feet,  it 
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takes  n]i  all  the  waters  north  of  Manassas  Gap  to  the  Potomac. 
The  headwaters  between  Manassas  Gap  and  Swift  Run  Gap  run,  in 
part,  in  a  southeasterly  course  directly  into  Chesapeake  Bay,  through 
the  Rappahannock  and  its  tributaries,  the  Robertson,  Hazel,  and 
Hedgman  rivers;  another  portion  running  likewise  in  a  southeast 
direction  discharges  through  the  Occoquan  River  into  the  Potomac; 
while  a  third  portion,  running  northeasterly,  reaches  the  Potomac, 
and  ultimately  the  Chesapeake,  through  the  Kittoctan,  Goose,  Broad 
Run,  and  Difficult  creeks. 

Let  us  now  observe  the  position  of  the  various  tracts  covered  by 
the  Mesozoic  formation  (see  Fig.  Ill,  Plate  VI),  and  also  notice  a  few 
items  in  regard  to  the  Eozoic  rocks  upon  which  the  former  were  de- 
posited. Passing  up  the  James  River  from  Richmond  to  Scottsville, 
the  average  course  of  which,  X.  67°  W.,  coincides  tolerably  well 
with  the  dip  of  the  strata,  we  have  a  fair  sectional  view.  At  and 
beyond  Richmond  we  notice  the  prevailing  southeast  dip  in  the 
granitic  rocks,  probably  in  part  Laurentian.  The  Mesozoic  forma- 
tion, with  a  similar  but  by  far  less  steep  dip,  reposes  upon  the  same 
again,  being  covered  by  the  Tertiary  sands,  clays,  and  gravel-beds 
conformably.  About  seven  miles  west  of  Richmond  the  first  change 
in  the  dip  occurs,  marking  an  anticlinal  in  the  older  rocks.  The 
northwest  dip  now  continues  until  the  Mesozoic  rocks  belonging  to 
the  Richmond  deposits  are  reached,  reposing  upon  the  older  rocks 
also  with  a  westward  dip,  but  generally  not  conformably,  the  older 
rocks  havino-  asrain  the  irreater  pitch.  Passintr  over  them  for  uearlv 
six  miles,  we  come  to  the  western  edge  of  the  same  formation,  but 
now  assuming  the  southeast  dip,  as  also  noticed  in  the  Eozoic  rocks, 
until  about  seven  and  a  half  miles,  between  Little  Beaverdam  and 
Beaverdam  Creek,  and  again  six  miles  farther  west,  at  Little  Lick- 
inghole  Creek,  we  pass  two  anticlinal  axes  in  the  Eozoic  rocks,  con- 
sisting mostly  of  gneiss,  mica,  and  hornblende  slates.  The  western 
dip  continues  to  Byrd  Creek,  about  forty  miles  (in  a  direct  line)  west 
of  Richmond,  where  the  strata  are  almost  perpendicular ;  reclining 
now  again  to  a  steep  southeast  dip,  they  continue  so  beyond  the 
Rivanna  River  at  Columbia,  Scottsville,  and  Carter's  Mountain,  a 
high  mountain  ridge  northwest  of  the  river.  The  last  remarkable 
ridge  is  then  west  of  Charlottesville,  through  the  country  called  North 
and  South  Garden,  Butler,  and  Ragged  Mountain,  which  shows 
several  pronounced  anticlinal  wrinkles  at  considerable  heights  above 
the  general  elevation  of  the  country.  If  we  continue  along  the  banks 
of  the  James  River,  after  its  remarkable  turn,  previously  noted,  to- 


248  THE    MESOZOIC    FORMATION    IN    VIRGINIA. 

wards  Lynchburg,  we  notice  again,  in  the  section  of  country  south- 
east of  the  river  and  west  of  Maysville  and  Slate  River,  the  continu- 
ation of  the  anticlinal,  rather  more  distinctly  marked,  existing  along 
the  James  River. 

The  position  of  the  first  anticlinal  is  west  of  Richmond  Falls, 
therefore,  between  the  Eastern  and  Middle-eastern  deposits ;  the 
second  (two)  between  the  Middle-eastern  and  Middle-western;  the 
third  nearly  in  the  line  or  slightly  east  of  the  "Western  deposits, 
and  evidently  the  most  marked  along  the  James  River  in  its  north- 
eastern deviation  below  Lynchburg,  in  the  great  gap  between  the  two 
principal  Western  deposits ;  the  fourth  and  last  is  west  of  the  Meso- 
zoic  deposit,  at  least  as  far  as  developed,  and  about  in  the  line  of 
Bull  Run  and  Kittoctau  jVIountain.  It  is,  therefore,  not  unreason- 
able, reflecting  upon  all  points  enumerated,  to  suppose  the  following 
former  connections. 

The  most  southern  and  eastern  exposures  on  Meherrin  River  at 
Hicksford,  and  west  of  it,  as  well  as  those  at  Petersburg,  Richmond, 
South  Anna  River,  Fredericksburg,  and  Mount  Yernon,  may  be 
designated  as  the  remaining  parts  of  the  former  principal  border 
line  of  the  Mesozoic  sea  along  the  Atlantic.  From  the  Taylorsville 
deposits  (South  Anna  River),  Middle-eastern  division,  an  estuary  or 
former  valley  extended  in  the  direction  of  the  Deep  Run  and  Rich- 
mond basin,  in  a  southwest  course,  even  as  far  as  North  and  South 
Carolina,  including  the  Deep  River  coal  basin. 

Another  extended  from  the  Aquia  deposits  (Fredericksburg), 
Middle-western  division,  in  a  similar  direction  as  the  former,  as  far 
south  as  the  Farmville  basins. 

The  last  and  most  extensive  of  the  estuaries  extended  from  Mary- 
land across  the  Potomac  River  entirely  through  the  State  of  Vir- 
ginia, terminating  in  the  State  of  North  Carolina,  at  the  Dan  River 
basins. 

The  formations  along  the  Potomac,  and  at  Fredericksburg,  Rich- 
mond, Petersburg,  etc.,  expose  rocks,  which  according  to  localities 
further  south  of  it  appear  to  belong  to  a  geological  horizon  higher 
up  in  this  series,  while  in  their  respective  altitudes  they  assume  a 
level-even  below  that  of  the  surface  at  the  Richmond  and  Farmville 
basins,  which  unquestionably  represent  the  lowest  rocks  in  the  series. 
They  have  also  a  more  gentle  dip  to  the  southeast,  and  are  capped 
by  the  Tertiary  rocks  directly.  At  Mount  Vernon  they  are  lost  in 
their  passage  across  the  Potomac.  No  other  IMcsozoic  rocks  have 
been  as  yet  developed  in  the  States  north  of  Virginia  along  the  At- 
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lantic,  which  exhibit  a  decided  permanent  southeast  dip  for  a  long 
line  of  bearing  until  we  reach  Connecticut  and  Massachusetts.  No 
positive  connection  can  be  proved  to  exist  between  these  extreme 
points,  but  from  observations  by  soundings,  a  map,  prepared  by  the 
Coast  Survey  along  the  coast  of  New  Jersey  and  Staten  Island,  in- 
dicates that  the  position  of  the  beds  on  the  Atlantic  border  on  this 
part  of  the  continent  was  nearly  at  its  present  level,  and  therefore, 
dry  land  stretched  farther  to  the  eastward  than  now,  and  that  sea- 
shore deposits  were  formed  which  are  now  submerged  (Man.  of  Geol., 
by  J.  D.  Dana,  p.  423).  If  we  assume  a  steep  escarpment  of  the  Eozoic 
rocks  along  that  part  of  the  former  coast  line,  depositions  of  Meso- 
zoic  rocks  could  have  been  formed  along  this  escarpment  until  the 
level  of  the  same  was  reached  and  the  former  outcrop,  which  butted 
against  it,  was  ultimately  covered  by  more  recent  depositions,  as  in 
Maryland  and  New  Jersey,  hiding  the  continuation  of  the  extreme 
points  of  the  formation  below  the  sea-level.  Upon  a  small  scale 
such  is  the  case  in  some  parts  of  the  Richmond  coal  basin,  where  the 
rocks  below  the  coal  and  the  coal  strata  themselves  do  not  appear 
upon  the  surface,  but  butt  against  the  Eozoic  rocks  forming  the 
base  of  the  trough,  ^vhile  at  other  points  they  lap  farther  out,  over 
1500  feet,  showing  the  outcrop  of  the  coal  that  much  farther  (ap- 
parently) inside  the  basin.  Such  a  supposition  would,  therefore, 
indicate  the  connection  of  the  border  line  of  the  Mesozoic  rocks  of 
Virginia,  including  the  two  estuaries  of  the  Middle-eastern  and 
Middle-w^estern  division. 

The  Western  division  shows  a  continuation  from  the  Potomac 
through  Maryland,  Pennsylvania,  and  New  Jersey  to  the  Hudson 
River,  uninterruptedly.  Throughout  New  Jersey,  and  particularly 
along  the  Hudson  River  (the  most  eastern  part  of  that  section),  and 
again  in  Connecticut,  on  the  western  part  of  those  Mesozoic  rocks, 
heavy  outbursts  of  trap  rocks  are  known  to  exist.  May  not  then 
the  gap  in  the  formation  along  the  Hudson  River  at  West  Chester 
have  been  formed  by  causes  similar  to  those  forming  the  gap  through 
which  the  James  River  now  passes,  destroying  the  former  connec- 
tion between  the  two  great  areas  ? 

The  destruction  of  a  connection  formerly  existing  between  all  the 
Mesozoic  depositions  along  the  Atlantic  States  might,  therefore,  be 
attributed  to  a  slow  and  unequal  rising  of  the  Eozoic  rocks  after  the 
deposition  of  the  former  upon  the  uneven  floor  of  the  latter,  noticed 
in  the  anticlinals  of  the  latter,  and  producing  an  unequal  denudation 
of  the  Mesozoic  deposits.     The  rising  of  these  older  rocks  upon  one 
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side  may  also  have  produced  subsequent  partial  depressions  of  the 
section  along  the  Atlantic. 

The  elevation,  now  exhibited  by  the  summits  southwest  and 
northeast  of  the  James  River,  exposed  the  central  part  of  that  long 
western  basin  more  to  the  denuding  action  of  the  atmosphere,  leaving 
only  the  vestiges  in  the  small  patches  along  the  James  River. 

The  anticlinals  exhibited  in  the  elevations  along  the  tablelands 
of  the  James  River,  at  Buffalo  and  Slate  rivers,  divided  the  Middle- 
western  deposits,  and  the  denudating  forces  have  acted  most  forcibly 
at  the  southern  extremity,  where  an  entire  new  line  of  drainage, 
strongly  southeast,  was  created ;  consequently  but  little  of  the  for- 
mation remains,  particularly  south  of  Farmville.  It  appears  that 
similar  summits  are  indicated  north  of  the  Potomac,  at  New  Market, 
Westminster,  and  Strassburg,  Maryland,  and  across  the  Susque- 
hanna above  Castleton,  to  Pennington,  Waynesburg,  and  Norristown, 
all  southeast  of  the  great  western  belt  of  the  Mesozoic. 

Denudations  are  less  noticed  in  the  arm  of  the  Mesozoic  extend- 
ing from  the  South  Anna  to  the  Appomattox,  until  we  pass  south  of 
the  latter.  Although  less  perceptible,  the  summits  are  noticed  to  exist 
between  Keysville  and  Burksville  (527  feet),  west  of  the  deposits,  at 
Swift  Creek  east,  and  at  Blacks  and  Whites  (A.,  M.  &  O.  R.  R.) 
south  of  the  belt.  The  most  remarkable  summit  in  that  direction 
exists  near  Oxford,  in  Granville  County,  North  Carolina,  dividing 
the  northern  part  of  that  arm  from  its  southern  extension  into  Gran- 
ville, Chatham,  and  Moore  counties  (Geol.  Rep.  of  North  Carolina, 
1856,  E.  Emmons).  Along  the  most  eastern  belt  from  Richmond 
to  the  Roanoke  River,  the  courses  of  all  the  rivers  are  nearly  the 
same,  due  east  or  slightly  southeast.  A  regular  denudation  at  inter- 
vals, according  to  the  individual  depressions  of  the  various  water- 
courses, may  account  for  the  now  disconnected  patches  remaining 
along  the  borders  of  the  Tertiary,  but  would  indicate  the  continuity 
of  the  Mesozoic  below  in  its  original  linear  extent. 

The  frequent  occurrence  of  trap  rocks  throughout  the  Mesozoic, 
particularly  noticeable  at  such  points  where  considerable  stratigraph- 
ical  and  metamorphic  changes  in  the  sedimentary  rocks  have  oc- 
curred, as  for  example  in  the  Dan  River  belt;  at  the  Rapidan  River, 
and  southwest  of  it;  at  Warren  ton,  and  the  western  boundary  along 
the  Bull  Run  and  Kittoctan  Mountain,  and  across  the  Potomac  de- 
posits at  Leesburg ;  along  the  eastern  border  of  the  Richmond  de- 
posits, north  and  south;  about  the  James  River,  at  Hall's  mill,  at 
the  more  southern  portion ;  also  in  the  Deep  River  deposits  of  North 
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Carolina;  but  principally  at  the  northern  extremity  in  New  Jersey, 
Connecticut,  and  Massachusetts,  gives  rise  to  the  hypothesis  of  a 
gradual  elevation  of  the  older  rock  floor.  The  time  must  have  been 
between  the  close  of  the  Mesozoic  and  the  beginning  of  the  Tertiary, 
since  the  latter,  and  probably  even  the  upper  part  of  the  Mesozoic 
along  the  former  shore,  has  not  been  affected  by  the  penetration  of 
the  trap  rocks.  In  many  instances  in  Virginia,  the  influence  is  only 
noticed  upon  the  sedimentary  deposits,  while  the  trap  itself  is  often 
invisible,  not  having  risen  to  the  surface,  but  produced  saddle-shaped 
flexures. 

In  regard  to  the  superposition  of  the  strata  composing  the  forma- 
tion, it  is  rather  difficult  to  obtain  complete  series  in  sectional  views 
in  consequence  of  the  topography  of  the  country,  the  similarity  of 
the  material  composing  the  formation,  and  the  extreme  scarcity  of 
characteristic  accessories  and  fossil  remains. 

The  predominating  rocks  are  sandstones  of  various  grades,  slates, 
and  shales,  occasionally,  also,  conglomerates  of  a  coarse  character. 
The  limestones  exist  in  very  small  proportion  in  the  series,  and  in 
consequence  offer  the  best  landmarks.  Similarity  in  appearance  of 
related  species  of  rock,  and  rapid  changes  in  the  various  stratifica- 
tions of  the  most  heterogeneous  materials  are  frequently  noticed. 
Almost  white  sandstones  of  the  arkose  species  alternate  in  small 
strata  with  those  of  a  gray  or  darker  color,  and  again  with  the  finest 
bituminous  black  shale  of  the  softest  character.  It  is  also  noticed 
that  the  material  constituting  the  rocks  differs  according  to  the 
nearest  source  from  which  it  was  derived.  This  may  furnish  addi- 
tional proof  of  the  isolated  position  each  estuary  occupied  at  the  time 
of  deposition,  receiving  in  all  instances  its  materials  directly  from  the 
nearest  Eozoic  or  Silurian  rocks,  in  which  the  troughs  were  carved 
out  previous  to  the  deposition  of  the  Mesozoic.  Accordingly,  we 
notice  the  difference  in  the  material  of  the  more  brownish-tinged, 
ferruginous  sandstones  and  shales  in  the  western  or  extreme  southern 
parts,  which  derived  their  materials  from  the  older  slates  and  schists, 
including  ferruginous  materials  in  deposits  and  as  accessory  minerals. 
In  the  eastern  basins,  the  predominating  lighter-colored  granites  fur- 
nished the  princi})al  material,  and  produced  the  predominating 
arkose  or  feklspathic  sandstones  in  those  deposits. 

Very  little  has  been  done  in  the  last  thirty-eight  years  to  develop 
the  geology  of  the  State  of  Virginia,  since  the  arduous  labors  of 
Prof  W.  B.  Rogers  were  abruptly  terminated  by  the  legislature  in 
1840.     While  all  the  other  States  in  this  country  have  commenced, 
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or  at  various  times  continued  and  revised  geological  surveys,  we  may 
have  to  Avait  in  patience  until  the  next  century  for  the  accomplish- 
ment of  this  important  work  by  State  appropriations,  and  must,  in 
the  meantime,  look  to  private  observations.  Having  had  the  oppor- 
tunity recently  of  exposing  to  ocular  examination,  through  the  deep 
borings  with  the  diamond  drill,  and  the  sinking  of  shafts,  at  least  a 
large  portion  of  the  formation,  for  the  purpose  of  establishing  the  ex- 
istence and  further  continuity  of  the  coal  deposits  in  the  Richmond 
coal  basin,  the  results  of  the  same  will  be  first  given  to  form  a  true 
basis  of  comparison  hereafter,  and  they  are  of  especial  value,  as  such 
extensive  explorations  may  not  be  made  again  at  an  early  day.  The 
results  are  carefully  computed  from  a  number  of  borings  near  the 
granite  for  over  1.1  mile  upon  the  line  of  dip,  from  80  to  1142  feet 
deep,  and  also  from  the  section  of  two  shafts,  640  and  1338  feet  deep 
(including  322  feet  of  borehole  at  bottom  of  deepest  shaft).  The  whole 
explorations  extended  over  an  area  of  two  square  miles,  and  are  veri- 
fied at  the  various  points. 

The  results  obtained,  demonstrated  in  the  1518  feet  of  section 
passed  perpendicularly  (see  Fig.  II,  Plate  VI),  justify  the  conclusions 
that  from  the  granite  base  upwards  at  least  seven  divisions  may  be 
distinctly  noticed.     They  consist  of: 

I.  Boulder  formation,  36  feet,  resting  upon  a  coarse-grained,  hard 
granite,  resembling  the  red  Scotch  granite,  composed  of  gray  quartz, 
red  feldspar  (orthoclase),  and  a  little  bhick  mica.  Seams  of  satinspar 
penetrate  the  granite  in  various  directions.  Spathic  iron  ore,  in 
small  crystals,  and  fluorspar  are  found  in  the  base  rock. 

Character  of  the  Strata. — Hard,  but  principally  soft  ferruginous 
sandstones,  containing 'much  redfekhi^ar,  black  mica,  chloritic  min- 
erals (altered),  and  iron  pyrites.  Lower  down,  boulders  of  granite 
and  quartz.  Granite  boulders  of  the  same  material  as  the  basin 
floor,  but  altered  by  atmospheric  exposures,  imbedded  in  a  ferrugi- 
nous, highly  calcareous  ceipent. 

II.  Lower  sandstone  group,  251  feet. 

Character  of  the  Strata. — The  larger  portion  (71|  per  cent.)  con- 
sists of  sandstones,  grayish- white  or  gray  and  reddish-gray,  feld- 
spathic,  feldspar  occasionally  red,  also  black  mica.  Upper  strata 
more  frequently  coarse,  and  in  smaller  benches  in  frequent  alterna- 
tions. Occasionally  brownish-tinged  and  carbonaceous  sandstones, 
the  former  in  the  lower  strata,  very  slightly  coherent,  containing 
sometimes  specks  of  specular  iron  ore.  Tiie  sandstones  are  less  cal- 
careous, only  about  57  per  cent.,  except  in  the  lower  part  of  the  group, 
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which  is  more  calcareous.  They  contain  obscure  carbonized  vegeta- 
ble remains,  and  in  one  instance  the  fragments  of  a  small  tooth  of  a 
saurian  were  found.  Two  oleiferous  strata  occur  near  the  central  part 
of  the  group. 

Slates,  only  28|  per  cent,  of  the  group,  are  mostly  black  or 
brownish-black,  some  highly  bituminous,  also  less  calcareous  (43 
per  cent,  not  calcareous  at  all),  mostly  fossiliferous,  containing  ob- 
scure vegetable  impressions ;  occasionally  a  Calamite,  Cythere,  and 
Esthcria,  scales  of  fish  [Dictyopyge),  particles  of  saurian  teeth,  and 
small  coprolites  occur  near  the  lower  portion  of  slates.  Limestone, 
in  thin  sheets,  in  the  slate,  and  as  concretions,  also  in  small  seams, 
is  found ;  the  former  in  the  upper  part,  the  latter  nearer  the  bottom 
of  the  group. 

III.  Lower  caleiferous  group,  245  feet. 

Character  of  the  Strata. — The  largest  portion  of  the  group,  72  per 
cent.,  consists  of  sandstones,  more  or  less  feldspathic ;  about  29  per 
cent,  of  it  consists  of  the  lighter  arkose,  the  balance  is  argillaceous, 
schistose,  carbonaceous,  or  of  various  shades  of  gray.  The  larger 
portion,  about  61  per  cent.,  is  calcareous;  some  4  or  5  benches  are 
rather  coarse,  and  a  few  fossiliferous,  containing  obscure  vegetable 
impressions  and  Calamites.  Near  the  top  of  the  group  a  brownish- 
gray  sandstone  occurs,  very  strong  in  oil,  about  two  to  three  feet 
thick. 

The  slates,  27  per  cent,  of  the  group,  are  generally  dark  gray  and 
brownish-o;rav,  bituminous,  and  also  black.  Ash-colored  shales  and 
fireclay  are  also  found,  particularly  near  the  top  of  the  group ;  fully 
half  of  the  slates  are  calcareous,  containing  concretions  and  streaks 
of  carbonate  of  lime.  At  the  bottom  of  the  group  they  are  also  pyri- 
tiferous,  containing  Estheria  and  fish-scales  [Dictyopygc),  which  is 
also  the  case  near  the  top  of  the  group,  where  impressions  of  long 
vegetable  stems  and  coprolites  are  found.  The  limestones  occur  prin- 
cipally in  four  divisions,  either  in  concretions  or  in  strata  of  arena- 
ceous gray  limestone,  attaining  sometimes  the  thickness  of  from  one  to 
three  feet,  but  generally  interstratified  with  other  rocks.  The  first 
is  about  16  feet  from  bottom  of  group,  the  next  two  respectively  60 
feet  and  75  feet  above. 

IV.  Carbonaceous  group,  150  feet. 

•  Character  of  the  Strata. — The  larger  portion  of  the  group,  59  per 
cent.,  consists  of  sandstones.  About  half  of  them  are  light-colored, 
feldspathic,  arkose,  but  generally  contain  blotches  of  gray  and  black 
slate.     The  other  half  are  of  gray,  or  even  black  color,  argillaceous, 
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schistose,  and  frequently  carbonaceous.  At  the  top  and  bottom  of 
the  group  a  coarse  feldspathic  sandstone  will  generally  be  noticed. 
The  argillaceous  and  carbonaceous  sandstones  are  fossil iferous. 

The  slates,  about  19  per  cent.,  are  generally  nioi'c  or  less  dark- 
drab-colored,  except  at  the  top  of  the  group,  and  at  the  partings  of 
the  coal  seams,  where  black  slates  predominate.  They  are  fossilif- 
erous  and  pyritiferous. 

Three  distinct  coal  seams  exist  in  this  group,  about  22  per  cent., 
but  they  are  not  always  present  throughout  the  formation  as  such, 
deteriorating  often  into  highly  bituminous  slates.  They  are  also 
sometimes  split,  forming  more  than  three  seams. 

In  the  upper  twenty  or  twenty -five  feet  of  the  group,  Tceniopteris, 
Eqimetum,  and  carbonaceous  stems  are  found,  and  also  Cythere  and 
Estheria.    In  the  coal  slates  only  Equiseta  and  Calamites  are  noticed. 

The  first  coal  seam  is  at  566  feet  from  the  granite  floor,  3|  to  5 
feet  thick ;  the  second  coal  seam,  at  599  feet  from  the  granite  floor, 
1  foot  thick;  and  tlie  third  coal  seam,  at  618  feet  from  the  granite 
floor,  20  to  50  feet  thick,  but  sometimes  split  into  two  seams. 

Near  the  top,  as  well  as  near  the  bottom  of  the  group,  oleiferous 
sandstones  are  generally  found.  Except  at  the  top  of  the  group, 
where  limestone  is  sometimes  found,  but  which  probably  belongs 
rather  to  the  next  group,  it  is  perfectly  void  of  calciferous  rocks. 
Sometimes  a  little  carbonate  of  lime,  in  scales  and  crystals,  is  found 
in  the  coal,  generally  at  disturbed  points,  saddles,  etc. 

V.   Oleiferous  grouj),  191  feet. 

Character  of  the  Strata. — To  a  great  extent  it  consists  of  sandstones, 
64  per  cent,  of  it,  in  heavy  strata,  mostly  nearly  white  or  light 
gray  arkose,  and  sometimes  tolerably  coarse;  also  schistose  sandstones 
with  slaty  partings  occur.  About  one-half  of  the  sandstones  are 
slightly  calcareous. 

The  most  characteristic  feature  is  the  occurrence  of  oil  rocJcs,  gen- 
erally three,  greenish-spotted,  feldspathic  sandstones  in  the  upper, 
middle,  and  lower  part  of  the  series.  The  slates,  36  per  cent.,  are 
mostly  black  and  greenish-gray;  nearly  all  of  them  are  calcareous, 
containing  also  concretions  and  benches  of  limestone,  as  also  concre- 
tions of  sulphuret  of  iron  (sulphur  balls,  as  they  are  called).  At 
708  to  730  feet  from  the  granite,  a  black  slate  containing  fish-scales 
{Tetragonolepis),  Cythere,  and  Estheria,  and  six  inches  of  gray  lime- 
stone,  containing  crystals  of  gypsum  and  iron  pyrites,  is  very  perma- 
nent, fairly  exposed  at  all  points,  and  generally  over  or  near  a  very 
coarse  arkose.    While  the  sandstones  are  free  of  fossils  the  slates  are 
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rich  in  Calamites  and  other  vegetable  impressions,  fish-scales  of  Tetra- 
gonolepis  and  Didyopyge,  Cythere,  and  Estheria. 

VI.    Upper  calciferous  group,  334  feet. 

Character  of  the  Strata. — They  consist  to  a  great  extent  of  sand- 
stones (57  per  cent.),  generally  light  gray,  feldspathic,  arkose,  prin- 
cipally fine-grained  ;  about  30  per  cent,  of  them  calcareous.  Three 
coarse  sandstones  occur  at  958,  1081,  and  1193  feet  from  the  granite; 
in  the  last  mentioned  Calamites  occur. 

Slates  (42  per  cent.)  principally  dark  gray  and  black,  about  50  per 
cent,  of  them  calcareous,  containing  small  seams  and  concretions  of 
limestone;  towards  the  bottom  of  the  group  also  gypsum  and  iron 
pyrites.  Calamites,  slender  vegetable  stems,  fish-scales,  principally 
Didyopyge,  and  Estheria  occur  in  the  slates. 

The  upper  half  of  the  group  is  characterized  by  thick  strata  of 
slate  and  fewer  sandstones,  and  by  the  occurrence  of  Calamites.  The 
lower  half  contains  more  sandstones  and  a  large  number  of  small 
benches  of  slate  containing  Calamites  and  slender  stems,  but  particu- 
larly fish-scales,  Estheria,  and  also  most  of  the  limestones.  The  latter 
occur  principally  in  two  distinct  beds,  from  6  inches  to  nearly  4  feet. 
The  last  is  the  most  regular,  and  is  of  brownish-gray  color ;  the  first 
is  associated  with  fossiliferous  slates,  about  984  and  1079  feet  above 
the  granite  floor. 

YII.  Upper  sandstone  group,  291  feet,  as  far  as  exposed  by  the 
geological  column  of  this  section.  The  extreme  western  point  of 
this  section  is  yet  two  and  a  quarter  miles  from  the  centre  of  the 
basin.  Consequently  the  upper  sandstone  group,  or  any  subdivi- 
sions in  it,  could  gain  a  thickness  of  1500  to  2000  feet,  which  has  not 
yet  been  settled  by  positive  facts. 

Character  of  the  Strata. — Principally  sandstones,  80  per  cent,  of 
what  has  been  exposed ;  buff-colored  at  top,  but  mostly  fine-grained 
gray,  argillaceous,  and  light-gray  feldspathic  (arkose);  most  of  them 
are  non-calcareous  and  coarser  near  the  top  of  the  section,  containing 
at  the  bottom  of  group  the  remains  of  Calamites. 

Slates,  about  20  per  cent.,  generally  light  gray  or  ash  color,  non- 
calcareous,  except  a  few  layers  which  contain  calcareous  concre- 
tions; also  a  small  stratum  of  gray  micaceous  limestone,  with  crys- 
tals of  calcite  and  thin  strata  of  marly  limestone  at  1204  and  1321 
feet  from  the  granite.  A  thick  stratum  of  indurated  clay  and  shale, 
with  traces  of  obscure  vegetable  impressions,  is  found  at  1357  feet 
from  granite.  At  1490  feet  from  the  granite  floor  a  small  coal  seam, 
5  inches  thick,  occurs. 
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The  Mesozoic  rocks  are  covered  by  level  strata  of  more  recent  ori- 
gin, consisting  of  a  soft  buff-colored  conglomerate  of  red  clay,  with  fri- 
able quartz  pebbles;  at  the  elevated  summit  it  is  from  5  to  46  feet  in 
thickness. 

How  far  the  groups  characterized  above  will  be  verified  in  other 
sections  of  this  basin,  or  even  other  belts  of  the  same  formation  in 
this  State,  will  be,  of  course,  a  matter  for  future  determination.  But 
as  they  are  the  results  of  diligent  explorations,  which  are  not  likely 
to  be  soon  repeated,  they  may  serve  as  a  useful  guide  hereafter.  To 
this  end  a  more  minute  record  for  public  use  will  therefore  be  ad- 
missible. 


Section  of  the  Mesozoic  Rocks  in  the  "Richmond  Belt,"  at  the  Old  3Iid- 
lothian  Coal  Mine,  from  the  Granite  upwards  (see  Fig.  I,  Plate  VI). 


Total  dis- 
tance from 
the  granite. 
Feet.     lu. 

I.  Boulder  formation,  36^. 

36''  Conglomerate^  yellowish-brown,  marly,  friable  rock,  highly 
calcareous,  containing  boulders  of  granite  with  orthoclase 
feldspar, 36 

II.  Lower  sandstone  group,  251''. 

54'  Sandstone,  feldspathic  brown  ferruginous,  with  small  seams   of 
carbonate  of  lime,  particles  of  specular  iron  ore,  red  feld- 
spar, and  quartz  pebbles,  .......         90 

5''  Brownish-gray   argillaceous  sandstone  and  drab-colored  slate 

containing  vegetable  impressions,  ......         95 

19''  8'''  Sandstone,  arkose,  white,  containing  blotches  of  clay,  slightly 

ferruginous,  and  red  feldspar  in  part,      .         .         .         .         .       114       8 

6'' -S?«ile,  drab-colored,  containing  vegetable  impressions,        .         .       120       8 
3''  Sandstone,  arkose,  graj-,  containing  fragments  of  teeth  (saurian) 

and  red  feldspar, 123       8 

8'  6''^  Slate,  gray  and  black,  some  highly  bituminous,  arenaceous, 
containing  concretions   of  limestone,   vegetable    impressions, 
teeth,  and  coprolites,       .         .         .         .         .         .         .         .       132       2 

9''  6'''' 6'ffi?u/,sfo?ie,  brownish-gray,  oleiferous,  containing  red  feldspar,       141       8 
f  Sandstone,  schistose,  containing  mineral  charcoal  at  top  of 
strata,  and 
Slate,  black,  bituminous,  containing  vegetable  impressions 

and  coprolites,  .........       149 

SO**  Sandstone,  arkose,  white,  slightly  calcareous,  partially  coarse  in 

smaller  strata,  with  slaty  bands  at  bottom  of  strata,      .         .       179 
11''  Sandstone,  brownish  gray  and  arkose;  white,  hard,  oleiferous  at 

bottom,    .         .         .         .  ■ 190 

13''  6''''  Slate,  black,  highly  bituminous,  calcareous,  containing  Cal- 
amites,  Cyihere,  Estheria,  ^nd  carbonaceous  sandstone  con- 
taining slender  vegetable  stems,      ......       203       6 
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23'  W  Smidsfone,  arkose,  white,  coarse,  slightly  calcareous,  and 
pj'ritiferous  argillaceous  sandstone  containing  carbonaceous 
vegetable  fossils,  red  feldspar,         ...... 

20'  Slate,  black,  bituminous,  calcareous,  containing  fish -scales  (Dic- 
iyojiyge>f,  Cythere,  mineral  charcoal,  and  vegetable  stems; 
also  carbonaceous  sandstone,  7'efZ/eWs/)ar,      .         .         .         . 

17'  4"  Sandstone,  arkose,  light  gray,  coarse,  slightly  calcareous, 
containing  black  mica ;  also  arenaceous,  dark  drab-colored 
slate  containing  carbonaceous  particles.  Red  feldspar  makes 
its  first  appearance  in  this  stratum,         .         .         .         .         . 

23'  Sandstone,  arkose,  white,  coarse,  slightly  calcareous,  containing 
black  mica  ;  also  drab-colored  calcareous  slate  and  carbona- 
ceous sandstone,  containing  streaks  of  carbonate  of  lime, 

III.  Lower  calciferous  group,  245  feet. 

2'  Slate,  black  bituminous,  containing  streaks  of  carbonate  of  lime, 
fish-scales,  Estheria,  iron  pyrites,  and  carbonaceous  inclosures, 
21'  Sandstone,  arkose,  light  gray,  coarse,  with  blotches  of  clay,  ole- 
iferous  at  top  of  strata;  also  argillaceous  sandstone  contain- 
ing carbonaceous  fossil  stems,  ...... 

9'  Dark-gray  carbonaceous  sandstone,  slate  and  limestone,  fish-scales 
{Dictyopyge),  in  black  bituminous  slate  at  bottom  of  strata 
22'  Sandstone,  arkose,  white,  coarse  at  top  of  strata,  calcareous, 
10'  10"  Sandstone,  dark  brownish  gray,  carbonaceous,  and  slaty 
containing  carbonized  fossil  stems,  .... 

11'  Sandstone,  arkose,  white  and  reddish  gray,  coarse  and  argilla 
ceous  ;  sandstone  containing  mineral  charcoal, 
3'  Sandstone,  drab-colored,  micaceous  and  arenaceous  litnestone, 
20'  Sandstone,  arkose,  light  gray,  partially  coarse  and  calcareous 
containing  mineral  charcoal  and  Calaniites,    ... 
4'  9"  Sandstone,  gray,  carbonaceous,  slate  and  limestone, 
15'  3"  Sandstone,  arkose,  light  gray,  calcareous, 

3'  Sandstone,  dark  gray,  carbonaceous,  slate  and  limestone,    . 
23'  8"  Sandstone,  arkose,  light  gray,  mostly  very  coarse  and  hard 
calcareous,  containing  blotches  of  clay  and  small  'strata  of 
black  slate,      ......... 

13'  Sandstone,  light  gray,  carbonaceous  and  slaty,  strata  containin 
mineral  charcoal,    .         .         .         .         .         .         . 

14'  6"  Sandstone  and  slate,  drab-colored,  containing  long  vegetable 
stems,  carbonaceous  particles,  pyritiferous  slates  and  small 
strata  of  limestone,  .         .         .         . 

18'  Sandstone,  arkose,  grayish  white,  coarse,  conglomerate,  slightly 
calcareous,       .......... 

17'  6"  Sandstone  and  slate,  strata  of  gray  and  drab-colored  argilla- 
ceous micaceous  sandstone  and  slate,  calcareous,  containing 
coprolites  ;  also  some  arkose,  ...... 

6'  Sa7idstone,  dark,   brownish   gray,   carbonaceous,    argillaceous, 

containing  carbonaceous  inclosures,  also  arenaceous  slates, 

2'  Oil  rock,  strong,  brownish-gray  sandstone,  .... 

VOL.  VI. — 17 


Total  dis- 
tance from 
the  granite. 

Feet.  In. 


22G   11 


24G  11 


264   3 


287   3 


289  3 

310  3 

319  3 

341  3 

352  1 


363 

366 

386 

390 

10 

406 

409 

432 

9 

445 

9 

460 

3 

478 

3 

495   9 

501   9 
503   9 


566 

4 

571 

4 

577 

6 

581 

9 

589 

9 

599 

7 

600 

7 

609 

7 
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Total  dis- 
tance from 
the  granite. 
Feet.    In. 
11'  1"  Sandstone,  argillaceous,  light  gray,  calcareous  and  arenace- 
ous limestone;  fire-clay  at  bottom  of  strata,  ....       515       4 
16''  3''  Slate^  black,  highly  bituminous,  containing  ^sA-sca^cs,  Esthe- 

rin,  bony  coal,  and  concretions  of  Zi??iesi{o?ie, .         .         .         .       531       7 

IV.   Carbonaceous  group,  150  feet. 

84''  9'''  Sandstone,  arkose,  light  gray,   hard,  partially   coarse,  con- 
taining an  oil-bearing  stratum  near  the  bottom,    . 
5'' First  coa^  seam,  3 J' coal,  1  J'' slate,       ...... 

6'  2^^  Slate  and  schistose  sandstone,  dark  gray,  pyritiferous,  . 
4^  V  Sandstone,  arkose,  light  gray,  partially  schistose,  containing 
mineral  charcoal,    ......... 

8''  Slate,  dark  gray,  vegetable  impressions,      ..... 

9''  10''''  Sandstone,  arkose,  gray,  with  argillaceous  blotches,    . 

1''  Second  coal  sea?7i,  ......... 

9''  Slate,  gray,  containing  carbonized  vegetable  stems,  . 
9'' -S'rmrfsfone,  arkose,  gray,  hard,  containing  carbonaceous  blotches,       618       7 
12''  Third  coal  seam  divided  by  slaty  bands,  from  2^''  to  24'''',  .         .  -» 
10'' 3''' Saiiiis^orie,  gray,  silicious  and  gray  sia^e,  containing  CaZamii'e.s,  l    655       4 
14''  Q>"  Coal  seawi  divided  by  various  slaty  bands,     .         .         .         .J 

4'  Slate,  black  and  argillaceous  sandstone,  micaceous,  containing 
crystals  of  calcite  and  thin  sheets  of  the  same;   Eqidseta, 
particles  of  coal,      .........       659       4 

11''  Sandstone,  arkose,  grayish  white  and  drab-colored,  argillaceous, 

slightly  calcareous  blotches  of  clay,        .....       670       4 

12'' iSZa^e,  black,  bituminous,  containing  remains  of  fish  {Tetrago- 
nolepis),  Cythere  and  Estheria,  and  a  stratum  of  limestone 
(sometimes  2  feet  thick) ;  carbonaceous  sandstone  in  part, 
containing  Tceneojyteris  and  Eqiiisetum,  .....       682       4 

V.   Olelferous  group,  191  feet. 

10'  6''  Sandstone,  arkose,  gray,  hard,  and  coarse,  slightly  calcare- 
ous and  schistose  sandstone,    .......       692     10 

7'  Slate,  highly  bituminous  and  carbonaceous  sandstone,  contain- 
ing fish-scales  and  long  vegetable  stems,         ....       699     10 

4''  6'''  Oil   rock,    sandstone,    light   gray,   with    greenish    blotches, 

slightly  calcareous, .....  ....       704       4 

17'  Sandstone,  arkose,  light  gray,  coarse  ;  also  schistose, .         .         .       721       4 
9'  Slate,  black,  containing  fish-scales,  FMherKi,  Calamites,  and  other 

vegetable  impressions  ;  also  gra}-  limestone,    ....       730       4 

24'  Sandstone,  arkose,  coarse,  and  carbonaceous  sandstone,  oleiferous 

near  top  of  strata, 754       4 

6'  8"  Sandstone,  coarse  and  very  hard,  arkose,  white,    .         .         .       761 
6'  6"  Slate,  black,  bituminous  and  greenish,  calcareous  and  arenar 
ceous,   micaceous,  containing    marly   limestone,    fish-scales 
[Tetragonolrpis),  Cythere,  Estheria,  vegetable  impressions  and 
coaly  particles,         .........       767       6 

13'  2"  Sandstones,  gv ay,  argillaceous  and  schistose;  also  feldspathic, 

containing  mineral  charcoal,  .......       780       8 
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1'  W  Slate,  black  bituminous,  pyritiferous,  containing  fish-scales 
[Tetragonolepis),  Esthei-ia,  Cythei-e,  and  long  vegetable  stems; 
also  a  stratum  and  concretions  of  a  fibrous  nearly  black  carbo- 
nate of  lime  and  carbonate  of  iron  ;  also  a  strong  oil  rock,  . 

32''  8'''  Sandstone,  arkose,  grayish  white,  porous  in  two  heavy  strata, 
containing  an  oil  rock  near  top  of  the  last  bench,  . 
3''  6'^  Slate,  greenish,  dark  drab-colored,  and  black,  highly  bitu- 
minous slate,  containing  Cythere,  fish-scales,  and  carbonate  of 
lime  in  thin  sheets,  sometimes  oleiferoiis  sandstone  at  bottom, 

20'  6^^  Sandstone,  arkose,  grayish  white  and  gray  argillaceous,  par- 
tially large  quartz  pebbles  (probably  containing  teeth  of 
saurians),         .......... 

l-i'  9'''  Sandstone  and  slates,  drab-colored,  arenaceous,  and  arenace- 
ous limestone,  .......... 

7'  8''''  SZa^e,  gray  and  black,  containing  fish-scales,  Cythei-e,  Estheria, 
Calaviites,  and  other  imperfect  vegetable  impressions,  concre- 
tions of  limestone,  and  iron  pyrites  upon  the  joints  of  the 
rock.     (Teeth  of  saurians),     ....... 

VI.    Ujjper  calciferous  group,  334  feet. 

28''  1^'  Sandstone,  arkose,  light  gray  and  schistose  sandstone,  with 

slaty  strata,      ......... 

23''  Slate,  gray,  arenaceous  and  black  fissile,  containing  fish-scales 

Calamites,  and  long  vegetable  stems  and  limestone,  arenaceous 

drab-colored,  in  small  strata ;  also  some  benches  of  arkos( 

dividing  it  from  the  next,       .         .         . 
1'  %"  Slate,  pyritiferous,  containing  in   addition,  Estheria,   thin 

sheets  of  calcite  and  gypsum, .         ..... 

5''  9''''  Sandstone,  arkose,  light  gray,  conglomerated  and  carbonace 

ous,  ........... 

8''  6''''  Slate,  dark  graj'^,  pyritiferous,  containing  gypsum, 
16'  9'''  Sandstone,  arkose,  light  gray,  coarse,  slightly  calcareous, 
IS'  10''''  Slate,  dark   gray  and  drab-colored,   containing  calcareous 

concretions,  pj-ritiferous,  obscure  vegetable  impressions, 
22/  4//  Sandstone,  arkose,  white,  slightly  calcareous, 
5''  V^  Slate,  gray,  calcareous,  and  3''  6''  limestone, 
Ab'  \"  Sandstone,   arkose,   grayish    white,    calcareous,   in    heavy 

benches  divided  by  slaty  strata,      ..... 
18'  2'''  Slate,  black,  pyritiferous,  calcareous,  containing  fish-scales 

Estheria,  and  limestone  strata  from  1'''  to  4", 
27''  10''''  Sandstone,  arkose,  light  gray,  coarse  and  calcareous,  and 

argillaceous  carbonaceous  sandstones,      .... 
30' 9" -SYa/'e,  gray  and  drab-colored,  and  arkose;   small  strata  o 

limestone  at  the  top,  larger  at  the  bottom,  the  latter  in  slale 

containing  fish-scales,      ....... 

36'  9"  Sandstone,  greenish  gray,  fine-grained  and  arkose  in  middle 

of  strata,  ......... 

29'  9"  Slate,  black,  micaceous,  calcareous  and  argillaceous  micace 

ous  sandstone,  obscure  vegetable  impressions, 


Total  dis- 
tance from 
the  granite. 

Feet.  In. 


788   4 
821 

834   6 

851 
865   9 


873 


902 


925 

932 

9 

938 

6 

942 

958 

9 

972 

7 

984 

11 

990 

1035 

1 

1053 

3 

1081 

1 

1111 

10 

1148 

7 

1178 

4 
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Total  dis- 
tance from 
the  granite. 
Feet.    In. 
15''  \"  Sandstone,  arkose,  grayish  white,  coarse,  calcareous,     .         .     1193       5 
13''  1'^  Slate,  black  or  bluish-black,  compact,  finely  laminated  and 
benches  of  ash-colored  sandstone,  near  top  of  strata  ;  obscure 
vegetable  impressions,  Calamites  in  lower  part  of  strata,       .     1207 

VII.    Upper  sanchtojie  group,  291''  represented. 

30''  ^"  Sandstone,  gray  schistose,  containing  micaceous  limestone, 

■with  crystals  of  calcite  upon  bed  plains,  ....     1243       6 

28''  b^'  Sandstone,  arkose,  principally,  and  benches  of  schistose  mi- 
caceous sandstone,  containing  vegetable  impressions,     .         .     1271     11 
2^  %''  Slate,  dark  gray,  arenaceous  ;   Calntnites,       ....     1274       5 

12''  11''''  Sandstone,  arkose  principally,  and  dark  brownish-gray  fine- 
grained slate,  calcareous  sandstone,  coarser  at  bottom,  .         .     1287       4 
8''  Slate,  dark  gray, 1295      4 

26''  Sandstone,  ash-colored,  fine-grained,  calcareous, ....     1321       4 

14/  \\//  Slates,  dark  drab-colored  and  greenish  gray,  calcareous 
concretions  at  top,  6'''  marly  limestone  at  middle  of  stratum  ; 
also  greenish-gray  argillaceous  sandstone  in  upper  part,         .     1336       3 

21''  Sandstone,  arkose,  light  ash-colored,  medium-grained,  contain- 
ing inclosures  of  clay,  decomposed  feldspar,  calcareous,         .     1357       3 

26''  4'"'  Shale,  gray  and  drab-colored,  obscure  traces  of  vegetable 

remains,  ...........     1383       7 

37''  5''''  Sandstone,  gray,  argillaceous,  fine-grained,    ....     1421 

24''  5''''  Sandstone,  arkose,  gray,  coarse,      ......     1445      5 

43''  5''''  Sandstone,  ash  and  buiF-colored,  calcareous  in  last  four  feet,     1489     10 

5'^  Coal  seam, 1490       3 

8''  5''''  Shale,  bufl-colorcd,  approaching  fuller's  earth.     Recent  de- 
posits, from  5  to  46  feet, 1498      8 

20'  Surface  soil  followed  by  soft  bufl:"  and  pink-colored  conglomer- 
ate of  red  clay  and  quartz  pebbles ;  also  frequently  a  pure 
gravel  bed,* 1518      8 

*  Upon  the  north  side  of  James  Eiver  the  results  of  this  investigation  are 
verified  by  a  section  at  the  Carbon  Hill  mines  given  previously  by  Mr.  Werth, 
Sr.,  formerly  agent  of  the  mines,  as  the  following  comparison  shows: 

Kecent  formation :  Soil,  .....  20  feet.       20  feet. 

Group  No.  VI.  Upper  calciferous. 

Alternating  shales  and  sandstones,  '  .  450     "  335  feet  of  it. 

Crroup  No.  V.  Oleiferous.  Cinders,  so-called,  fire-clay,  195  feet. 

Nodular  pyrites,    .         .         .         .         .  15     " 

Shales  and  sandstones,  .         .         .         .  60     " 

f  coke  2'  S'^  1 
Group  No.  IV.  Carboniferous.  Coke  seam,  I        ,„,„,,)■  6     "  152  feet. 

■^  I  coal  Z'  %"  i 

Shale  and  sandstone,  .        .        .        .  50    " 

Coal  seam,  "j  ....  6     " 

Shales,         >•  3d  seam,  .         .         .         .  17     " 

Coal  seam,  j  .         .         .         .  4^^  " 
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Comparing  the  results  thus  obtained  at  the  Richmond  basin  with 
the  sections  obtained  in  other  parts  of  this  State,  but  which  unfor- 
tunately are  not  yet  sufficiently  verified  for  publication,  or  with  those 
already  published  from  other  States,  containing  the  extension  of  the 
Mesozoic  belts  of  Virginia,  we  can  trace  more  or  less  distinctly  the 
same  series  of  succeeding  divisions,  although  they  are  sometimes 
partially  obliterated  by  the  changed  aspect  of  material.  Commenc- 
ing at  the  Mesozoic  formation  of  North  Carolina,  so  ably  delineated 
by  Professor  E.  Emmons  in  his  geological  survey  of  that  State,  we 
notice  upon  the  Archsean  rocks : 

1.  Conglomerate  succeeded  by  the  lower  sandstones,  generally  more 
red  in  color,  probably  1500  feet  or  more,  but  materially  thinning 
out  northward.  Conifers  most  common  as  silicified  trunks.  Repre- 
sented by  groups  I  and  II,  Richmond  Section,  287  feet  thick. 

2.  Coal  measures.  Gray  and  drab-colored  sandstones,  calcareous 
shales  and  slates,  lead-colored  and  black,  coal  seams,  strata  contain- 
ing iron  balls  (argillaceous  iron  ore),  vegetable  and  animal  remains, 
consisting  of  Equisetum,  Calamites,  arenaceous  and  others,  Estheria, 
and  Cyihere,  remains  of  saurians  and  fish,  1200  feet  thick.  Repre- 
sented by  groups  III,  IV,  and  V,  about  586  feet,  of  the  Richmond 
section,  containing  Tamiopteris,  Pccopteris,  Tetragonolcpis,  and  large 
saurian  teeth,  Clepsysaurus  or  Belodon. 

3.  Upper  sandstones.  Upper  conglomerate  in  the  lower  part  of  the 
formation,  green  and  dark-colored  slates,  containing  cycads,  ferns, 
and  lycopodiacea,  also  red  and  gray  sandstones,  and  marls,  more  or 
less  mottled  with  green  and  white,  containing  Estheria.  Repre- 
sented by  groups  VI  and  VII,  of  which  625  feet  are  developed  in 
the  section,  containing  fish-scales,  Estheria,  and  mostly  obscure 
vegetable  remains. 

The  same  observations  seem  to  hold  good  in  the  Dan  River  basin, 
in  North  Carolina,  as  well  as  in  Virginia,  and  also  in  the  Potomac 
basin  as  far  as  it  can  be  traced  at  the  surface. 

Shales   and   sandstones   containing    6''' 

seam  of  coal,  2d  seam, 
Coal  seam,  slope  seam  8-10'',  1st  seam,  . 
GroM/j  No.  III.    Lower   caleiferous.      Sandstones     and 

slates   to   supposed   granite    base    of 

coal,    ....... 


The  coke  seam   is  not  represented  in  the  Midlothian  mines,  except  by  slates 
with  bony  coal. 


40    feet. 

9       " 

160       " 

140  feet  of  it, 

837i  feet. 
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Proceeding  from  the  east  across  the  latter  basin,  we  notice  some- 
times the  lower  conglomei'ate,  as  at  Drainsville  and  other  places, 
but  invariably  the  red  and  brown  sandstones  and  slates  of  the  lower 
group,  No.  II,  followed  by  gray  and  ash-colored  as  well  as  red  sand- 
stones', and  calcareous  shales,  their  position  being  partially  indicated 
by  the  remains  of  vegetable  and  animal  origin,  and  their  calcareous 
character.  In  consequence,  probably,  of  the  effect  of  igneous  rocks 
predominating  in  that  section,  we  meet  sometimes  the  conglomerate 
again  upon  the  western  margin.  It  has  been  known  for  many  years 
that  the  Mesozoic  sandstones  of  North  Carolina,  as  well  as  Vir- 
ginia, contain  workable  seams  of  coal  of  great  economical  value. 
Questions  of  vital  importance  are,  therefore  :  Where  is  the  proper  geo- 
logical horizon  of  these  coal  seams  f  Will  they  occur  at  a  compara- 
tively iKrmanent  position  in  the  series  f  Are  they  sometimes  disguised 
by  being  deteriorcdedf 

In  regard  to  the  State  of  Virgina,  it  was  generally  supposed  and 
so  stated,  that  the  seams  of  coal  rested  immediately  upon,  or  only 
divided  by  a  few  feet  of  slate  from,  the  older  Archaean  rocks  form- 
ing the  floor  of  the  basin.  When  the  subdivisions  of  the  North 
Carolina  series  had  been  laid  down  conclusively  by  Professor  E. 
Emmons,  it  was  firmly  established  in  that  section  of  country  that  a 
considerable  series  of  sedimentary  strata,  entirely  wanting  in  Vir- 
ginia, existed  below  the  seams  of  coal.  Explorers,  therefore,  naturally 
looked  for  the  primary  rocks  as  the  most  permanent  landmark  for 
the  outcrop  of  the  coal  seams.  Many  a  disappointment  followed  this 
universal  conclusion,  and  even  the  continuity  of  the  coal  seams  in 
the  Richmond  basin  was  doubted.  It  can  now  be  seen  with  per- 
fect clearness  how  that  error  occurred  and  was  maintained  for  many 
years.  It  so  happened  that  a  number  of  the  most  valuable  discov- 
eries in  the  early  days  of  mining  in  that  section  of  country  were 
upon  points  where  the  granite  floor,  previous  to  the  deposition  of  the 
coal,  had  been  carved  out  at  a  very  abrupt  angle.  Consequently,  the 
seams  of  coal,  sometimes  even  at  a  very  steep  angle  with  the'granite 
floor,  were  considered  to  conform  in  deposition  with  the  granite. 
This  error  was  still  more  persistently  followed,  because  in  many  in- 
stances where  even  sedimentary  strata  underlaid  the  coal,  they  were 
frequently  of  the  nature  of  sandstone,  hardly  distinguishable  from 
true  granite,  except  by  diligent  and  trained  observers.  It  being  con- 
sidered an  established  fact  that  no  workable  seams  of  coal  existed 
below  the  main  big  seams  generally  mined  there,  almost  no  sinking 
of  shafts  below  that  seam  of  coal  was  carried  on,  or  the  sinking  was 
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at  least  invariably  stopped  as  soon  as  a  hard  feldspatbic  sandstone  was 
encountered,  which  appeared  to  be  granite  to  the  uninitiated  eye. 

The  above  explorations,  therefore,  establish  the  following  very  im- 
portant points : 

1.  At  least  five  hundred  and  sixty  feet  of  purely  sedimentary  rocks 
exist  in  the  Mesozoic  formation  (at  least  in  the  Richmond  basin) 
below  the  last  coal  seam,  or  nearly  from  the  bottom  of  the  carbona- 
ceous group. 

2.  All  the  workable  seams  of  coal  are  concentrated  within  the 
central  part  of  about  one  hundred  feet  of  the  carbonaceous  group, 
characterized,  particularly  at  the  top  and  bottom,  by  very  coarse,  hard 
sandstones,  with  highly  fossiliferous  slates  below  each  of  them,  con- 
taining Equiseta  and  other  vegetable  impressions,  fish-scales,  Estheria, 
and  limestone,  in  concretions  or  small  strata. 

3.  A  small  seam  of  coal  exists  in  the  upper  gandstone  group. 

4.  No  true  coal  seam,  only  highly  bituminous  shales,  have  as  yet 
been  found  in  the  strata  below  the  carbonaceous  group. 

5.  Oil  rocks  exist  above  and  below  the  carbonaceous  division,  but 
are  more  numerous  above.  In  this  group  may  belong  the  coke  seam 
at  Carbon  Hill. 

In  regard  ^o  disturbances  which  occurred  subsequently  to  the 
deposition  of  the  formation,  we  may  say,  that  while  instances  of  the 
kind  are  by  no  means  wanting,  still  they  are  of  far  less  magnitude 
than  might  be  anticipated. 

The  unevenness  of  the  floor  of  the  Archa?an  rocks,  no  doubt,  first 
effected  the  deposits  above,  probably  by  the  subsiding,  or  even  by  the 
giving  way  of  the  strata,  in  consequence  of  shrinkage.  Tliese  effects 
may  be  noticed  in  small  anticlinal  and  synclinal  rolls  of  the  strata, 
as  well  as  by  limited  shifting,  principally  downwards.  Two  main 
directions  of  disturbances  may  be  noticed:  one,  about  parallel  svith 
the  trend  of  the  formation ;  the  other,  and  more  important,  oblique. 
The  former  frequently  exhibits  dislocations  of  a  few  feet  or  more,  but 
the  strata  almost  invariably  recur  regularly  to  the  di[).  The  latter 
frequently  produces  disturbances  of  far  more  magnitude,  pinching 
strata  often  entirely  out  of  existence. 

The  former,  therefore,  may  be  due  more  to  the  effect  of  shrinkage, 
and  a  consequent  slipping  or  bending  of  the  upper  strata.  The  lat- 
ter, no  doubt,  is  often  due  to  the  influence  of  eruptive  rocks,  which 
more  frequently  cross  the  formation  obliquely  than  parallel  with 
the  trend.  The  effects  of  these  eruptive  rocks  in  hardening  those 
adjoining,  or  crushing  them  into  brecciated  rocks,  or  debituminizing 
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the  carbonaceous  strata,  at  least  for  a  short  distance,  are  frequently 

noticed,     A  remarkable  instance  of  the  latter  was  once  visible  at  the 

Clover  Hill  mines,  in  the  Richmond  basin,  where  a  dike  of  dolorite 

.        .  .  * 

had  penetrated  the  stratification  obliquely. 

In  the  slates  above  the  coal  the  dike  had  (probably)  produced  a 

cavity  of  considerable  magnitude,  which  was  found  to  be  completely 

lined  with  perfect  crystals  of  calcite.     The  coal  next  to  the  dike  was 

converted  into  a  coke  somewhat  resembling  artificial  coke,  but  more 

compact.     In  about  fifty  feet  or  more  the  coal  gradually  increased 

in  bituminous  matter  until  it  assumed  its  original  state. 

TV.  Fossil  Remains  of  the  Formation. 

Though  not  able  to  do  justice  to  the  subject,  I  cannot  pass  over  it 
entirely,  or  refrain  from  mentioning  at  least  such  of  the  fossil 
remains  as  have  been  so  far  noticed  in  the  strata.  This  is  the  more 
necessary  as  some  of  them  appear  to  define  certain  geological 
horizons. 

Prof.  W.  B.  Rogers,  in  his  report  to  the  Association  of  American 
Geologists  and  Naturalists,  in  1840-42,  in  which  he  endeavored  to 
define  the  geological  age  of  the  secondary  sandstone  formation  of 
Virginia,  refers  to  the  following  fossil  remains  : 

1.  Remains  of  Vegetable  Origin. — Equisetum  columnare,  E.  arun- 
diniforme  ;  Calamites  arenaceus,  C.  planicostatus  ;  Tceniopteris  mag- 
ni/olice;  Pecopteris  Whitbyensis,  P.  Munsteri,  P.  obtusifolia  {f); 
Lycopodites  uncifolius  ;  Zamifes  obtusifolius,  Z.  Whifbyensis  {/). 

2.  Remains  of  Animal  Origin. — Teeth,  probably  of  saurians.  Fish- 
scales,  probably  of  a  new  genus  of  Catopterus;  Posidonia  (now  gen- 
erally recognized  as  Estheria). 

The  fossil  remains  collected  during  the  exploration  above  referred 
to  contain,  according  to  the  revised  determination  of  Prof.  C.  E. 
Hall,  University  of  Pennsylvania,  the  following: 

1.  Of  Vegetable  Origin. — Equisetum  Mongrotii  (internal  cylinder, 
formerly  called  Calamites  arenaceus) ;  E.  gamnigianus  (closely  allied 
to  E.  Nuzeri) ;  E.  Munsteri,  E.  Rogersii  (in  part) ;  Calamites  Suckowii; 
tubercles  of  Equisetum;  Schizoneura  meriani;  cones  of  coniferous 
trees. 

2.  Of  Animal  Origin. — Estheria  ovata  am]  minilta  ;  Cythere;  Dic- 
tyojiyge;  Tetragonolepis  (whole  specimen  of  fish,  various  fragments 
of  bones  and  bony  plates,  scales,  probably  also  fragments  of  a  tooth); 
Clepsysaiu'us  or  Belodon  (large  tooth) ;  coprolites. 
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In  the  varieo-atecl  shales  of  the  Potomac  basin  remains  were  found 
by  the  author,  which  seem  to  be  the  plates  of  a  species  of  Sphaerites 
(according  to  Quenstedt).  They  are  about  ^  to  /g  inch  in  diameter, 
hexagonal,  and  apparently  without  central  perforation.  They  may 
be  more  minutely  described  at  a  future  time,  as  it  will  be  of  consid- 
erable interest  to  distinguish  their  position  in  the  series,  because  so 
far,  I  believe,  the  absence  of  radiata  in  the  Mesozoic  formations  of 
America  has  been  generally  admitted. 

Regarding  the  position  which  these  various  remains  assume  in  the 
geological  column,  so  far  as  developed  by  the  section  at  Midlothian, 
the  following  statements  may  be  of  assistance  in  verifying  them  here- 
after at  other  localities : 

Commencing  from  the  granite  floor  in  group  I,  and  lower  part  of 
II,  no  fossil  remains  so  far  have  been  detected  for  the  first  90  or  100 
feet.  We  then  meet  with  obscure  vegetable  impressions,  and  at  123 
feet  the  first  fragment  of  a  tooth,  and  coprolites  for  the  next  25  feet. 
At  200  feet  we  recognize  Esther ia,  Cythere,  and  .Equisetum  Mongrotii, 
which  continue  through  the  strata  above  in  connection  with  others. 
During  the  next  50  feet  we  also  find  the  first  small  scales  of  fish 
{Dictyopyge).  At  about  this  point  and  a  little  higher  up  the  last  red- 
colored  feldspar  has  been  detected.  In  group  III,  at  about  500  to 
528  feet,  the  occurrence  of  a  highly  bituminous  dark  drab-colored 
and  black  shale,  containing  fish-scales,  Estheria,  bony  coal,  and  con- 
cretions of  limestone,  is  remarkable,  because  below  it  a  strong  brown- 
ish-gray oil-rock  exists. 

No  animal  remains  have  been  detected  within  the  group  IV,  ex- 
cept in  the  top  strata  of  the  group.  Among  the  various  vegetable 
remains,  near  the  top  of  this  group,  or  the  lower  part  of  V,  Tccni- 
opteris  magnifolice  has  been  found,  also,  Schizoneura  meriani,  the 
strata  containing  also  Cythere,  Estheria,  and  fish-scales  of  the  genus 
Tetragonolepis,  which  is  now  found  in  several  strata.  The  fossil- 
iferous  strata  containing  more  or  less  the  same  remains  now  continue 
through  group  V  in  greater  profusion,  including  also  the  saurian 
teeth.  After  about  1100  feet  above  the  granite  no  animal  remains 
have  so  far  been  detected,  but  vegetable  impressions  continue.  No 
attempt  will  be  made  here  to  enter  into  a  dispute  in  regard  to  the 
real  geological  age  which  may  be  assigned  to  the  various  divisions 
laid  down  in  the  section.  In  fact,  they  have  been  more  sought  for 
to  answer  the  purpose  of  the  practical  explorer  than  the  speculative 
geologist.     A  distinctive  feature  seems  to  be  the  predominance  of 
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the  remains  of  fisli  and  saurians  within  a  certain  range  of  the 
series.  All  the  fossils  so  far  refer  to  the  Triassic  period.  Still  in 
Germany  at  least  (Quenstedt,  Petrefactenhunde),  Tetragonolepis  has 
never  been  found  in  the  Solnhofen  calcareous  slates  and  limestones, 
and  according  to  the  same  authority  is  hardly  found  anywhere  except 
in  the  Lias.  It  is  also  frequently  noticed  in  the  Kichmond  coalfield 
that  the  strata  below  the  carboniferous  area  have  a  more  rapid  dip, 
and  in  some  cases  unquestionably  a  different  bearing.  The  latter  im- 
portant fact  has  been  variously  noticed  between  the  primary  border 
of  the  basin  and  the  course  of  the  outcrop  of  coal  where  exposed  or 
explored  for.  It  has  also  been  frequently  noticed  in  the  mines  in 
cases  of  disturbed  ground  by  the  rising  of  the  floor.  Of  course 
more  evidence  from  various  localities  is  yet  desirable  to  verify  so 
important  a  fact.  The  occurrence  of  gypsum  as  far  as  noticed  is 
confined  to  strata  above  the  lower  sandstone,  and  principally  to  the 
strata  above  the  carboniferous  series. 

Taking  all  facts  together  it  is  not  unlikely  that  at  least  the  lower 
groups  below  the  carboniferous  are  depositions  of  a  different  geolog- 
ical area,  in  which  case  it  would  seem  to  be  settled  that  the  carbonif- 
erous and  oleiferous  groups  represent  the  Lettenkohle  of  the  Triassic. 
But  in  the  upper  series  of  rocks  a  subdivision  may  yet  be  found  to 
exist  when  the  full  series  can  be  determined  above  the  1500  feet 
represented  in  the  Midlothian  series. 

Y.  Economical  Products  of  the  Formation. 

The  variety  of  useful  minerals  and  rocks  which  occur  in  the  Me- 
sozoic  formation  in  this  State  does  not  appear  great,  still  there  are 
some  of  much  value,  and  in  the  hands  of  men  who  knew  how  to 
develop  them  to  their  full  extent,  they  might  have  been  a  great 
source  of  wealth  long  ago. 

Amongst  the  most  valuable  of  all  must  be  mentioned  the  bitumin- 
ous coal,  which  exists  not  only  in  workable,  but  in  a  number  of  in- 
stances in  seams  of  most  magnificent  size  and  excellent  character. 
It  has  been  already  stated  that  various  kinds  of  coal  occur;  still, 
that  of  the  most  practical  value  is  the  true  and  highly  bituminous 
variety. 

This  coal  is  known  to  exist  in  the  Richmond,  Farmville,  and  Dan 
Kiver  basins,  but  has  been  principally  worked  in  the  first-named, 
and  is  therefore  best  known  from  that  locality.     Its  existence  was 
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known  in  1700,  and  the  coal  was  used  as  early  as  that  date  in  the 
neighborhood."^ 

At  least  two  workable  seams  of  coal  are  known  to  exist  in  that 
basin  :  the  lowest  seam  from  three  to  five  feet,  and  the  big,  or  upper 
seam,  from  twenty  to  forty  feet  and  more  in  thickness,  and  occasionally 
developed  in  two  searas,  divided  by  a  series  of  slates  and  sandstones 
from  five  to  ten  feet  thick.  The  distance  between  the  upper  and 
lowest  seam  is  about  fifty  feet.  There  is  no  doubt  whatever  that 
these  carboniferous  deposits,  geologically  speaking,  are  continuous. 
But,  like  many  other  formations  of  the  kind,  they  have  their  dete- 
riorated localities  and  pinched  places,  which  may,  and  often  have, 
deceived  the  inexperienced.  The  coal,  although  in  various  instances 
reaching  almost  to  the  surface,  has  its  outcrop  hidden  by  a  covering 
of  alluvium,  and  also  probably,  to  a  small  extent,  by  Tertiary  strata, 
ranging  from  ten  to  forty  feet.  The  seams  pitch  variously  from 
20°  upwards.  Xearly  flat  depositions  exist  in  the  bottom  of  the  sub- 
ordinate troughs  or  synclinal  basins,  and  heavy  pitches  to  60°  and 
70°  near  the  anticlinal  rolls  or  saddles;  on  the  average,  a  pitch  of 
25°  to  35^  may  be  assumed.  The  course  of  the  coal  is  about  X.  12° 
to  15°  E.  The  main  dip  in  the  Richmond  basin  upon  the  eastern 
side  is  northwest,  upon  the  western,  southeast. 

Where  the  coal  is  not  so  thick,  its  exploitation  offers  no  material 
difficulty,  but  it  is  often  the  case  that  the  main  seam  assumes  very 
considerable  dimensions.  In  such  instances,  as  in  many  others  in 
this  country,  much  coal  has  been  lost  or  wasted  from  the  bad  system 
adopted  for  working  the  coal.  The  highly  bituminous  character  of 
the  coal  gives  rise  to  an  abundance  of  carburetted  hydrogen  gases, 
which  render  a  most  thorough  S3'stem  of  mechanical  ventilation 
indispensable.  Not  uufre'quently  the  roof  is  too  defective  to  stand 
unsupported  for  a  great  length  of  time,  and  therefore  the  main 
avenues  of  entrance  must  be  kept  in  a  secure  condition,  for  which 
timber-work  is  the  cheapest,  at  present  at  least,  although  well- 
established  mines  in  that  district  may  now  more  profitably  resort 
to  other  materials.  For  the  sake  of  economy,  these  avenues  ought 
to  be  reduced  to  the  smallest  practical  dimensions.  Considering  all 
these  conditions,  it  is  easily  to  be  seen  that  no  plan  for  a  secure 
pit  could  here  be  adopted  by  which  most  of  the  available  coal  could 
be  obtained  while  entering  the  mine.     A  certain  portion   of  the 

*  I  refer  here  to  the  historical  sketch  given  in  a  former  paper  to  the  Institute, 
'The  Midlothian  Colliery,  Virginia,  in  1876."     Transact.,  vol.  iv,  p.  308. 
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ground  has  to  be  laid  out  in  such  a  manner  as  to  avoid  all  the  diffi- 
culties mentioned  above,  and  the  main  bulk  of  the  coal  obtained  by 
retreating  or  working  homewards.  This  can  be  best  accomplished 
in  the  thinner  seams  by  a  modification  of  the  long-wall  system  by 
small-wall  faces  (l' exploitation  par  tallies  ascendantes)',  in  the  thicker, 
by  a  system  of  long  and  strong  pillars,  which  are  won  on  working 
homeward,  the  ground  behind  being  gobbed  up.*  As  the  seams  in 
this  district  are  generally  divided  by  slates,  in  connection  with  other 
waste,  the  system  will  work  well  in  the  hands  of  a  careful  and  ex- 
perienced manager.  Certain  precautions  must  be  taken  in  using 
the  slates  for  gobbing  up.  They  are  liable  to  spontaneous  combus- 
tion, the  prevention  of  which  must  be  thoroughly  attended  to.  With 
such  precautions  as  above  mentioned,  the  yield  of  these  seams  is  most 
favorable,  and  it  is  astonishing  that  so  little  attention  has  yet  been 
paid  to  this  section  of  country.  According  to  former  statements  the 
Mesozoic  rocks  cover  an  area  of  189  square  miles,  in  the  Richmond 
coal  basin,  equal  to  120,960  square  acres.  JSTot  over  500  acres  of 
this  area  has  actually  been  worked,  but  what  is  still  more  important, 
these  500  acres  are  principally  divided  hito  about  six  localities, 
namely,  the  mines  about  Carbon  Hill,  National,  Midlothian  and 
vicinity,  and  Clover  Hill,  upon  the  line  of  eastern  outcrop,  at  the 
extrenie  northern  and  southern  points,  and  about  in  the  middle  of 
the  border  line  of  twenty-eight  miles  extent ;  also  for  about  ten  to 
twelve  miles  upon  the  extreme  northern  point  of  the  western  outcrop, 
in  the  vicinity  of  Dover,  and  the  mines  south  of  James  River ;  in 
all,  say  thirty-eight  to  forty  miles  of  outcrop,  the  circumferential 
line  of  the  basin  being  about  seventy-five  miles.  The  total  produc- 
tion from  1822  to  1877  of  the  Richmond  coal  field  amounted  to 
5,647,620.61  tons,  or  without  any  allowance  for  years  previous  to 
1822,  it  would  average  a  yield  of  102,684  tons  per  annum,  and 
11,295  tons  per  acre  of  ground  worked.  That  this  is  by  no  means 
an  unreasonable  calculation  has  been  practically  proved  at  Midlo- 
thian, where,  in  1873,  from  one  acre  of  ground  19,057  tons  of  coal 
were  raised  from  a  twenty-foot  seam,  averaging  twelve  to  fifteen  feet 
of  coal.    (Transactions,  vol.  ii,  p.  113.) 

According  to  the  statistics  given  in  "  Coal  Regions  of  America," 
by  Macfarlane,  from  the  Cumberland  coal  region,  the  aggregate  pro- 
duction for  thirty  years,  of  2525  acres,  was  12,953,317  tons,  or  5130 
tons  per  acre,  from  the  big  fourteen-foot  seam  of  a  very  pure  coal. 

*  See  "  What  is  the  Best  System  for  Working  Thick  Coal  Seams  ?"  By  author. 
Transact.,  vol.  ii,  p.  105. 
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Analyses  of  Coed  from  the  Richmond  Basin. 


SOUTH  OF  JAMES  RIVER. 


NAME  OF  PIT. 


BY  WHOM  ANALYZED. 


EASTERN  OUTCROP. 

Clover  Hill  (Coxe's  Mines)... 


Stone  Henge 

Creek  Company  Shaft 

f  Mills  &  Reed,  Creek  Shaft. 

Greenhole  Shaft 

Midlothian,  average 

"  "  new  shaft 

"  "  screent'd 

"  "  900  ft.  shaft.. 


do 


"         Grove  Shaft, 

1875,  screened 

Midlothian,  average 

Maidenhead 

English  Co.,  old  shaft 

"         "     middle  bench. 

"  "     top  bench 

Chesterfield  Mining  Co 

Willis'  Pit  (^tna  Shaft.) 


WESTERN    OUTCROP. 


Powhatan  Pits., 
Scott's  Pit 


Prof.  Johnson 

W.  B.  Rogers 

G.  W.  Andrews 

W.  B.  Rogers 

Prof.  Johnson 

W.  B.  Rodgers 

Prof.  Johnson 

B.  Sillinian  andO.P. 

Hubbard 

J.  H.  Alexander 

A.  S.  McCreath 

W.  B.  Rogers 

Prof.  Johnson 

Clemson 

W.  B.  Rogers 


t 

"3 

S 
!> 

c 
o 

% 

E 

< 

1.339 

30.984 

56.831 

10.132 

— 

29.12 

65..52 

5.36 



38.50 

55.00 

6.50 



36.50 

58.70 

4.80 

1.450 

26.788 

60.30 

8.57 

— 

38.60 

57.80 

3.60 



31.17 

67.83 

2  00 

2.4.55 

29.738 

53.012 

14.737 

0.670 

31.208 

56.40 

9.44 

1.785 

34.295 

54.063 

9.6.55 

1.172 

27.278 

61.083 

10.467 

2.000 

31.62 

58.26 

7.67 

— 

31.60 

61.10 

7.10 

1.03 

38.23 

54.27 

6.47 

1.05 

36.49 

46.702 

15.758 



32.83 

63.97 

3.20 



35.82 

53.36 

1082 

— 

28.40 

66..50 

5.10 



28.80 

61.68 

9.52 

1.896 

28.719 

58.794 

8.634 

— 

28.80 

66.60 

4.60 

32.33 

59.87 

7.80 

— 

33.70 

60.86 

5.66 

.058 

2.286 

.202 


1.52 
2.23 


66.963 

70.88 

61.50 

63.50 

68.872 

61.40 

69.83 

67.749 

65.840 

63.718 

71.550 

66.310 
68.20 

60.74 

62.468 

67.17 

64.18 

71.60 

71.20 

67.428 

71.20 


67.67 
66.52 


NORTH  SIDE  OF  JAMES  RIVER. 


EASTERN  OUTCROP. 

Carbon  Hill,  bit.  ugper  seam.. 

"         "     second  seam 

"         "     carbonite 

"         "     average 

"  "     natural  coke 

"  "     carbonite 

WESTERN  OUTCROP. 

Anderson's  Pits  (Dover) 

T.  M.  Randolph '.'.'."." 

Coalbrookdale 

"  1st  seam 

"  2d  seam 

"  3d  seam ., 

"  4th  seam 

Cranches,  upper  seam 

Waterloo 

Deep  Run  Basin 

FOR  COMPARISON. 

Westmoreland,  Pa.,  Gas  Coal, 
Campbells  Cr'k,W.Va.,  splint 

"  "    2d  seam 

"  "    3d  seam 

Cannelton,  Gas  Coal 

Raymond  City 

Lingan,  Cape  Breton 

Newcastle,  England 


O.  J.  Heinrich. 


Prof.  Johuson. 


Dr.  W.  Wallace,  of 
Glasgow 


W.  B.  Rogers.. 

Clemson 

W.  B.  Rogers.. 


Booth  &  Garrett 

Riverside  Iron  Co.. 
W.  B.  Rogers 


Ford . 

Vinton 

Chandler., 


McCreath. 


0.40 
1.57 


1.785 
1.116 


1.30 
1.88 


20.60 

18.60 
9.64 

23.959 
11.977 

14.26 

28.30 
26.00 
30.50 
29.00 
24.00 
22.83 
24.70 
21.33 
30.00 
26.80 
26.16 


31.45 
35.64 
32.24 
33.68 
35.10 
33.00 
35.20 
32.70 
30.29 


71.00 
79.93 


59.376 
75.081 


66.78 
64.20 
66.15 
66.48 
70.80 
54.97 
65  50 
56.07 
64.60 
55.20 
69.86 


61.45 
61.07 
64.16 
57.76 
62.90 
60.10 
60.80 
65.55 
64.69 


10  00 
8.86 

14.28 
11.826 

02.24 

4.92 
9.80 
3.35 
4.52 
5.20 

22.20 
9.80 

22.60 
5.40 

18.00 
5.00 


5.80 
1.41 
3.60 
8.56 
2.00 
6.90 
4.00 
1.75 
2.81 


Consid- 
erable. 


0.33 


1.52 


78.00 

81.00 
88.79 

74.256 
86.907 

83.85 

71.70 
74.00 
69.50 
71.00 
76.00 
77.17 
75.30 
78.67 
70.00 
73.20 
74.86 


67.25 
62.48 
67.76 
66.32 
64.90 
67.00 
64.80 
67.30 
67.50 


270 


THE    MESOZOIC   FORMATION    IN    VIRGINIA, 


In  spite,  then,  of  even  the  inferior  mining  in  Virginia,  the  results 
are  extremely  favorable.  A  full  report  of  the  production  of  the 
Richmond  coal  field,  as  far  as  correct  statistics  could  be  obtained, 
will  be  found  below. 

In  regard  to  the  quality  of  the  coal,  a  large  number  of  analyses 
in  the  accompanying  table  may  speak  for  themselves.  For  the  pur- 
pose of  comparison,  a  number  of  analyses  of  coal,  with  which  the 
Richmond  coal  should  be  in  a  fair  competition,  has  been  included  in 
the  same  table.  The  "  Committee  on  Light,"  from  the  Richmond 
Gasworks,  reported  in  1874  {Richmond  Dispatch,  July  17th),  upon 
coal  tested  from  the  Richmond  basin  and  West  Virginia,  as  follows  : 


Kind  of  Coal  Used. 


WEST  VIRGINIA. 

Coal  Valley 

Gordon  <fc  Seal 

W.  C.  Robinson 

Coalburg 

Cannelton 

Hampton  City 

RICHMOND  BASIN. 

Clover  Hill 

Marks  fMiiilothian  vicinity). 
Old  Dominion 


Nnraber  of 
lbs.  used. 


40,810 
25,900 
25,690 
28,000 
24,000 
20,340 


25,fi50 
26,750 
27,810 


Yield  per 
ft.  cub.  ft. 


4.U 

4.06 
4.05 
3.78 
3.97 
4.10 


4.00 
3.98 
3.80 


Yield  per 
ton  cub.  ft. 


9,206 
9,094 
9,072 
8,467 
8,892 
9,184 


8,960 
8,915 
8,512 


Candle 
power. 


14.50 
15.50 
13.90 
13  80 
13.90 
14.90 


13.90 

13.80 
13.80 


The  price  paid  at  the  time  was  $5,50  per  ton,  which  would  be 
highly  remunerative  for  the  Richmond  mines,  becau-se  by  reason- 
able rates  of  transportation  they  should  be  able  to  deliver  coal  at 
Richmond  from  $2.50  to  $3,00  per  ton,  if  large  quantities  were 
mined. 

From  a  close  observation  of  the  chemical  analyses  of  this  coal  it 
will  be  noticed  that  it  ranges  generally  higli  in  ash,  which  is  in  con- 
sequence of  a  greater  or  less  amount  of  slaty  substances  contained 
in  some  of  the  benches  of  coal,  while  others  are  perfectly  pure.  This 
defect  could  be  remedied  by  the  introduction  of  the  hydraulic  jigs, 
now  so  extensively  used  in  Europe  in  the  bituminous  coal  fields  of 
the  Continent.  Particularly  all  the  fine  coal,  which  in  bituminous 
coal  forms  always  a  considerable  quantity  of  the  whole  production, 
could  be  purified  at  low  cost,  and  then  converted  into  a  very  supe- 
rior coke,  to  which  this  coal  is  particularly  adapted,  and  for  which 
a  market  coukl  be  established  by  the  erection  of  furnaces  along  the 
James  River  Canal. 

By  a  close  study  of  this  coal  it  will  be  noticed  that  often  on  the 
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CO  OC'  CC  CO  CC'  OC  CC  DC'  CC  00  00 
-gaiC3tf**COtOH-OOGO^ 


CO         CO         COGCtX'CCGC'COCCGCOOOCtXCCGOOCCO         CO 


C5      a      cr.  Oi  a  : 


t  or  i:i  en  oi  Ci  in 


tCi— OtDCO-JOCJiht-WtC^-OOOD 


k   «][ 


Fiscal  year,  Oct. 
1st.  to  Sept. 
30th. 


Jin        CO        tOJs5Ji3  t^^J^ 

"rf^  oo"o      ^^"^"o^lo 

o  o  bi  to 


cc  - 


o  -^  o  o  o 

C  OlOOO 


Shipped  bv  Rich- 
mond, Fred, 
and  Potomac 
R.R. 


rfi..OOO>t^OC5C:OOOG':OT        rf*.o 


^-  to  H-  O  t 


J  o  c  to  o  o 


tOtCtCi-'i-'tC»-'tOt>2t>CtCbC&3CC03        tc         tc 


5  C;!  o:  cc  CO  CD 
tc  cr:  in  c^  -^  rf-  rfi.  tc  W  cc  tc  »-'  -vi  --3  ^4 


Shipped  by  James 
River  and  Kan- 
awha Canal. 


J*^  J^  ^  i^  i^  J^  J*" -p  i-^ -*^  J^ 
■^i "ic ^ "c;  o'h-* Ic"^ "it' " 

rf^tccn:Dio-JOoc*;os_     _ 
j-'T-icooicncorf^cctcp 

4^  Ci  O  to  ' 


ODO         ^  O 


;o      ^      o      I— 


lO'-*C0C0tOtOCCC0**i-'00i-' 
ccoc  tojD  ^^i>^5n  vCj^i^j-J 

"go  o'to  co"a;''^t»."ci"':Cl'*^t» 


j^ont-'Oi'-'-viif^tocni 


o  o  as  to  »^ 
<Ln  O  CD  en  o 


Shipped  by  Rich- 
mond and  Dan- 
ville R.R. 


COtO*^C04^h4i-*'tOCOtOi-i 
*k  J»  jW  Ci JD  j-J  j-J^  JD  j-4  J» 

"t-*  ~co  '-4  "oi'o  'to'o  ~C7i  "^"tc  "co 

tD  Cl  rf-  #*  I-*  CD  CC  Cr-  O  tO'  00 
^Clrfi-tOCDCil^OtDCC**. 

oototOGocolcH-tcbcto 

0005*-rf»>C:>OC;H-4^rfi. 


OT>C^rf^ClCTCT4^CiCTCn>^*»-O50:tO 


^  ^       Oi       to        oc  —  -c  cr  c:  —  --I  c:  CD  Oi  O  o  o  o  o 


ro      1-*      1-* 


ic  to       I— 


;  o  o  o  o  o 


Shipped  by  Clo- 
ver Hill  and 
Richmond  and 
Pet.  R.R. 


en       Oi       CT : 


CC  in 


Ci       en       in 


'  Oi        C>        Oi        0» 


Averaged  from  8  yrs. 


Miscellaneous 
transportation 
by  wagons. 


to  CO_Ui  Z^xCi  CiCi  C*i  -^  Ci  Ot 
l-i'co~bo"c»:'bi  to~b;~l^"cnloTo 

tO'-'OCnrf^-Jc:ocicDOo 
-J  to  W  »f^  p  pC  00  p  p  to  p 

CO  o  to  -^J  >P>-  Ci  '*.  bo  to  CO  "o 


Ci^ 

p  p 

O  CO 
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oiotpp't-j-'rf^^-^^rf^  5^  P  p  CO  p  »(^  en 

^I-»OCi--3^i^»P»'--3«0>f^--J>-^C0C0  ^1  CD 

CO  CO  tf*>  ~J  O  00  to  en  4^ -J  CD  tfi.  CJ  Ci  Ci  CD  H- 


Consumed  at  the 
mines;  estima- 
ted 7  per  cent, 
of  production, 
except  where 
otherwise  ob- 
tained. 


OlCJlOO-JCOOOCDCOOCCOO         dCi 


OOOOCDOOCCi-'tOCDCDtOtOtC'-' 
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same  specimen,  as  well  as  in  large  benches,  three  varieties  exist, 
which  are  also  noticed  in  other  coal  fields. 

1.  Glance  coal,  of  a  deep  black  color,  vitreous  lustre,  and  great 
brittleness;  appears  like  pitch,  in  thick  strata. 

2.  Lamellar  coal.  Grayish-black,  or  brownish-black,  of  a  dull 
resinous  lustre,  much  tougher,  generally  in  thin  strata. 

3.  Fibrous  coal.  A  natural  mineral  charcoal  ;  occurs  in  very  thin 
film-like  layers  between  the  former,  also  in  the  form  of  small  pieces; 
it  is  much  like  compressed  dust.  According  to  the  investigations  of 
Dr.  A.  Schondorff,  in  the  coal  fields  of  Saarbrucken,  the  average 
composition  of  these  varieties  is  as  follows : 


Glance  coal. 

Lamellar  coal. 

Fibrous  coal. 

Water 

4.26 
29.00 
C4.74 

2.00 

3.00 
38.00 
55.80 

3.20 

0  86 

7.98 

83.89 

7.37 

Coke 

Ash 

It  will  be  readily  perceived  that  even  if  much  of  the  fibrous  coal 
should  occur,  washing  will  reduce  the  amount  of  ash,  the  fibrous 
coal  being  the  highest  in  ash. 

This  fieldyielding  an  excellent  gas  coal,  as  well  as  coking  coal,  steam 
coal,  and  blacksmith  coal,  its  revival  in  the  markets  of  the  United 
States,  which  it  commanded  before  the  late  civil  war,  will  only  be  a 
matter  of  time,  because  its  acce.ssibility  to  sea-going  vessels  of  500  to 
1000  tons'  capacity  will  fairly  counterbalance  the  moderate  cost  en- 
countered by  deep  mining.  The  average  distance  from  the  princi- 
pal mines  now  to  James  River  navigation  at  Richmond,  or  Osborn's, 
or  Port  Walthall  below  it,  is  only  13  and  24  miles  respectively. 

The  same  coal,  but  of  an  inferior  character,  being  very  much  con- 
taminated with  iron  pyrites,  has  been  mined  near  Farmville.  Several 
seams  from  one  and  a  half  to  six  and  a  half  feet  have  been  partially 
explored.  It  has  also  been  found  in  that  part  of  the  w^estern  belt 
extendino;  into  North  Carolina  from  Danville. 

Although  no  coal  has  yet  been  found  in  the  largest  belt  in  this 
State,  namely  the  Potomac  deposits,  it  is  a  matter  worthy  of  inquiry, 
wdiy  should  coal  not  exist  in  this  same  formation  in  so  extensive 
a  deposit,  when  it  is  found  in  such  small  patches  as  the  Deep  Run, 
the  Farmville,  and  in  the  extreme  southern  end  of  the  belt  in  the 
Dan  River  deposits?  The  foregoing  may  serve  as  a  guide  in  the 
investigation  of  this  question.     The  vital  importance  of  a  discovery 
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of  coal  here  can  readily  be  seen  by  noting  the  geographical  position 
of  the  belt,  in  close  proximity  to  the  seat  of  government,  and  to  ex- 
cellent deposits  of  iron  ore,  which  could  be  reached  by  railroad  im- 
provements already  established. 

As  has  been  said  formerly,  no  iron  ores,  at  least  in  sufficient 
quantity  for  practical  purposes,  have  so  far  been  discovered  in  the 
Richmond  deposits.  But  since  the  coal  would  furnish  a  good  fuel 
after  proper  preparation,  it  is  of  importance  to  look  for  the  other 
important  material  for  the  manufacture  of  iron.  This  could  be  at 
present  found  upon  two  lines  of  public  improvement.  The  first  and 
most  important  will  be  along  the  James  River  and  Kanawha  Canal, 
upon  the  line  of  which,  or  close  to  it,  brown  and  red  hematites, 
specular  and  magnetic  iron  ores  of  excellent  quality,  from  within 
50  to  180  miles  above  the  coal-bearing  rocks,  can  be  mined  in  large 
quantities,  at  low  prices.  Upon  that  line  very  good  limestone  can 
also  be  obtained  at  very  low  cost.  The  line  of  the  James  River 
would  therefore  be  the  most  available  for  the  manufacture  of  iron, 
at  a  reasonable  cost,  along  the  northern  part  of  the  basin.  Upon 
the  line  of  the  Richmond  and  Danville  Railroad,  in  connection 
with  the  Mississippi,  Atlantic  and  Ohio  Railroad,  or  the  projected 
branch  into  the  counties  of  Henry,  Patrick,  and  Franklin,  are  found 
excellent  specular  and  magnetic  iron  ores,  which  would  supply  the 
middle  and  southern  part  of  the  basin,  although  probably  at  a  little 
hip;her  cost,  accordino;  to  freig-ht  charges. 

Another  material  of  economical  value  may  be  found  in  the  fire- 
clay and  shale,  which  would  form  an  important  item  in  ceramic 
manufactures.  As  various  qualities,  from  a  light  yellowish-gray, 
or  nearly  white,  to  those  of  red  color  are  found,  the  manufacture  of 
pottery,  firebrick,  or  common  brick  and  terra  cotta,  in  connection 
with  a  low-priced  fuel,  would  be  remunerative,  and  at  the  same  time 
furnish  a  new  source  for  the  use  of  coal. 

The  sandstones  of  this  formation  have  been  used  for  building  pur- 
poses, and  if  selected  with  proper  care,  furnish  a  sufficiently  firm 
material.  It  is  necessary  to  avoid  those  in  which  the  feldspar  has 
a  great  tendency  to  decomposition,  as  they  will  weather  and  decay 
more  rapidly.  Where  some  of  the  thicker  strata  of  limestone  ap- 
proach the  outcrop  use  could  be  made  of  the  same,  although,  so 
far,  no  attention  has  been  paid  to  it. 

A  great  source  of  lighting  and  lubricating  material  is  stored  away 
for  future  generations  in  the  highly  bituminous  slates,  which  fre- 
quently occur  in  very  heavy  strata,  and  near  the  surface.     As  long 
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as  the  petroleum  wells  furnish  this  material  at  so  low  a  price,  of 
course  no  attempt  to  compete  with  them  could  be  successful.  But, 
nevertheless,  a  test  of  their  real  value  in  carburetted  compounds 
would  be  a  matter  of  great  interest. 

The  pyritiferous  slates,  such  as  occur  in  this  formation,  would  be 
used  in  other  countries  probably  for  the  manufacture  of  copperas 
alum,  etc.,  as,  for  example,  at  Pardubitz,  in  Bohemia,  while  here  they 
will  for  a  long  time  to  come  only  be  a  source  of  nuisance. 

In  concluding  this  paper  I  can  only  heartily  echo  the  expressions 
of  Mr.  Macfarlane  in  "  The  Coal  Regions  of  America,"  namely : 
"We  have  often  turned  with  a  sort  of  wonder  to  regard  the  Rich- 
mond coal  basin.  Its  history  is  very  strange.  It  was  one  of  the 
earliest  opened  by  the  miner.  It  is  the  solitary  one  at  tide- water, 
and  near  a  State  capital.  It  contains  several  beds  of  coal,  and  one 
of  these  is  sometimes  of  great  thickness;  it  is  mined  by  shafts,  on 
the  English  plan,  and  affords  a  variety  of  fuels,  ranging  from  gas 
coal  to  native  coke.  One  would  have  expected  its  complete  develop- 
ment long  ere  this,"  etc. 

The  following  statistics  from  the  same  volume  show  how  slow  its 
development  has  been  : 


1.  Schuylkill  basin,  Pa.,  . 

2.  Li'high  basin,  "      . 
3  Wyoming  basin,     " 

4.  Cumberland  basin,  Md., 

5.  Richmond  basin,  Va.,   . 


While  the  Northern  States  have  kept  pace  with  the  times,  the 
Southern  States  have  remained  stationary,  being  satisfied  to  rest 
upon  the  laurels  of  their  forefathers.  Therefore  this  oldest  of  our 
coal  fields  is  yet  to  see  its  best  days. 

Imperfect  as  this  present  description  of  the  Mesozoic  formation 
must  be,  it  would  be  gratifying  to  the  author  if  such  practical  re- 
searches as  have  been  embodied  in  this  paper  would  be  followed  up 
to  a  thorough  and  complete  knowledge  of  this  formation,  which  may 
yet  be  of  great  value  to  the  eastern  j)art  of  the  State  of  Virginia. 

Philadelphia,  February  21st,  1878. 
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BY   PROFESSOR   T.  EGLESTON,    PH.D.,    SCHOOL   OF   MINES,    COLUMBIA 
COLLEGE,   NEW  YORK   CITY. 

(Read  at  the  Amcuia  Jleetiug,  October,  1877.) 

The  copper-bearing  rocks  of  Lake  Superior  are  composed  of  a 
series  of  metamorphic  rocks,  comprised  under  the  names  of  amyg- 
daloid and  conglomerate,  in  which  the  copper  and  silver  found  with 
them  are  pseudomorphs.  These  rocks,  generally,  have  well-defined 
walls  Avhich  cause  them  to  separate  easily.  Generally,  the  country 
rock  is  sterile,  but  it  occasionally  rises  into  the  cojiper-bearing  rock, 
and  then  carries  copper.  Usually,  the  ainygdaloids  carry  copper, 
and  the  greenstones  or  melaphyres  which  encase  them  do  not. 

There  is  a  very  generally  received  opinion  that  the  copper  in  these 
beds  occurs  in  shoots.  This  does  not  appear  to  be  proved,  though  the 
opinion  seems  to  have  some  foundation  from  the  experience  of  the 
Calumet  &  Hecla  Mine,  where  a  body  of  poor  rock  has  been  left, 
which,  on  the  mine  map,  shows  a  general  direction.  The  theory  may 
be  true  of  that  individual  mine,  but  too  little  work  has  been  done  in 
the  other  mines  to  draw  any  decided  conclusion.  The  copper  is  very 
unequally  disseminated  in  the  rock,  if  any  given  piece  be  taken  as 
an  example,  but,  if  the  whole  copper-bearing  series  be  considered, 
its  distribution  is  uniform.  It  may  prove  that  there  are  certain  di- 
rections in  which  the  copper  has  been  deposited  more  abundantly 
than  in  others,  and  tiiese  may  be  found  to  correspond  with  certain 
geological  causes,  but  up  to  the  present  time  the  knowledge  gained 
is  not  sufficient  to  warrant  any  general  conclusion. 

These  rocks  are  su[)plemented  by  a  series  of  true  fissure  veins,  of 
which  ti)cre  are  several  systems,  making  the  amount  of  native  cop- 
per very  large.  Unfortunately,  except  in  the  fissure  veins,  known 
as  "  mass-mines,"  the  copper  is  so  scattered  through  the  rock,  and  is 
in  such  a  fine  state  of  division ^  that,,  although  it  is  not  always  diffi- 
cult to  mine,  it  is  always  difficult  to  dress  it  sufficiently  to  make  it 
pay. 

The  metal  is  so  uniformly  distributed  through  these  copper-bear- 
ing rocks  that  detaclied  pieces,  called  "  float,"  are  found  in  digging 
on  almost  any  land  in  the  country.  These  pieces  vary  from  very 
small  fragments,  weighing  not  more  than  a  few  ounces,  up  to  many 
pounds.     In  one  instance,  in  making  an  excavation  for  a  cellar  of  a. 
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house,  a  piece  weighing  1500  pounds  was  found.  This  copper  is 
from  90  to  95  per  cent.,  and,  in  detached  pieces,  even  purer,  and  has 
evidently  been  deposited  by  electro-chemical  action,  having  replaced 
parts  of  the  rock,  atom  by  atom.  This  phenomenon  has  taken  place 
in  all  the  different  characters  of  deposits.  I  have  had  sections  made 
of  "  barrel-work,"  from  both  the  amygdaloid  and  conglomerate 
mines,  which  show  the  rock  in  all  stages  of  impregnation.  One 
from  the  Franklyn  mine  shows  the  copper  in  a  leafy  state,  replacing 
the  chlorite,  so  that  when  the  chlorite  not  transformed  is  picked  out 
the  rock  is  nothing  but  a  succession  of  hollow  shells  of  copper. 
Not  more  than  40  per  cent,  of  this  mass  was  copper,  and  the  rest 
was  the  more  or  less  altered  iron  chlorite,  known  as  delesseite.  An- 
other, from  the  Calumet  &  Hecla  Mine  showed  the  paste  of  the 
rock  completely  transformed  into  copper,  leaving  the  crystals  of 
quartz  and  feldspar  intact.     This  piece  was  almost  pure  copper. 

This  condition  of  things  characterizes  the  amygdaloid  and  con- 
glomerate beds,  and  is  in  them  in  every  possible  stage  of  develop- 
ment, and  gives  rise,  in  both  classes  of  rock,  to  very  thin  leaves 
which  float  on  the  water  and  are  carried  off  in  the  process  of  dress- 
ing. The  change  of  the  rock  into  pure  copper  has  not  taken  place 
to  anv  great  extent  in  these  two  kinds  of  veins. 

The  amount  of  copper  in  the  rock  varies  from  less  than  1  percent., 
as  in  the  Atlantic,  to  4  and  5  per  cent.,  as  in  the  Calumet  &  Hecla, 
which  is  the  richest  of  all  the  mines ;  the  yield  of  this  mine  for  the 
year  1876  was  4f  per  cent,  mineral. 

The  strike  and  dip  of  the  strata  is  very  nearly  uniform.  At 
Portage  Lake  they  have  a  strike  of  35°,  and  a  dip  which  is  about 
55°,  which  in  the  rest  of  the  district  rarely  falls  below  30°. 

The  amygdaloids  vary  but  little  in  their  constitution.  They  have 
been  carefully  studied  by  Professor  Pumpelly,*  and  all  the  changes 
given  in  minute  detail. 

The  conglomerates  are  found  in  every  possible  condition,  from  a 
type  porphyry  of  large  grain,  with  pebbles  of  from  two  to  three 
inches  in  diameter,  to  a  very  fine-grained  one,  which  is  frequently 
transformed  entirely  into  metallic  copper.  This  rock,  called  the 
"sandslip,"  is  from  three  inches  to  twelve  inches  thick  in  the  Calu- 
met <fe  Hecla  and  the  Alouez  mines.  At  other  times  the  whole  rock 
is  entirely  decomposed  into  a  hard  clay,  suiliciently  plastic  to  be  with 
difficulty  compressed  by  the  hand,  but  easily  cut  with  a  knife,  retain- 


*  Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  vol.  xiii. 
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ing  exactly  the  colors  of  the  rock,  and  the  shape  and  colors  of  the 
crystals  of  quartz  and  feldspar.  In  the  vicinity  of  Portage  Lake 
the  conglomerates  are  entirely  feldspathic,  but  from  the  Calumet  & 
Hecla  on  they  are  highly  quartziferous. 

There  is  a  theory  that  the  conglomerates,  when  they  are  of  fine 
grain,  will  be  rich,  which  is  not  entirely  to  be  depended  upon.  It 
is  true  that  the  finer  the  grain  of  the  rock  the  more  copper  there 
will  be  likely  to  be  in  it,  since  the  deposit  seems  to  be  more  readily 
made  in  the  paste  of  the  rock,  and  for  that  reason  a  given  cubic  foot 
will  contain  more  copper,  since  the  larger  pebbles  are  usually  bar- 
ren. Occasionally,  the  "  sandslip,"  which  is  the  conglomerate  in  the 
condition  of  very  fine  grains,  is  completely  transformed  into  metallic 
copper,  but  this  is  an  exception,  as  is  also  the  transformation  of  the 
pebbles  into  copper.  The  fineness  of  the  grain  may  be  said  to  be  a 
favorable  indication,  but  the  pillars  of  poor  rock  left  in  the  mine  are 
not  usually  of  any  coarser  grain  than  those  extracted. 

There  are  fifteen  different  conglomerate  beds,  which  are  recognized 
by  their  position  in  the  general  geological  section  of  the  country,  all 
but  four  of  which  have  been  found  by  explorations  to  continue  through 
the  whole  of  the  popper  region  of  the  promontory  of  Lake  Superior. 
All  but  five  of  these  have  had  workings  upon  them,  but  the  only 
paying  mine  on  them  is  the  Calumet  &  Hecla.  They  were  formerly 
considered  as  barren  of  copper,  and  for  a  long  time  received  no  at- 
tention from  mining  men.  At  the  Nonsuch  Mine  the  copper  is 
found  in  very  thin  flakes,  scattered  through  a  bed  which  is  14J  feet 
thick.  This  is  divided  into  three  sections  :  the  upper  one  is  G|  feet, 
and  is  said  to  contain  1^  to  3  per  cent,  of  copper;  the  middle  one  is 
slate,  5  feet  thick,  but  poorer  in  copper;  the  lower  one,  3  feet  thick, 
contains  2  per  cent,  of  copper,  and  carries  pockets  rich  in  silver. 
The  mine  has  only  just  been  opened,  and  although  extensive  prepa- 
rations had  been  made  to  work  it,  they  M'ere  brought  to  a  standstill 
by  the  death  of  the  president  of  the  company. 

The  amount  of  copper  contained  in  these  rocks  is  very  variable, 
but  as  the  amygdaloid  is  easily  crushed  the  selection  is  not  very  care- 
fully made.  An  exceedingly  poor  rock,  as  at  the  Atlantic  Mine, 
which  yields  only  f  per  cent.,  can  be  worked.  This  is  not  true  of 
the  conglomerates  which,  on  the  contrary,  are  very  hard.  The  rock 
must  be  richer,  and  the  pieces  have  therefore  to  be  carefully  picked. 
The  exceedingly  favorable  showing  of  the  Atlantic,  which  is  an 
amygdaloid  mine,  is  owing  partly  to  the  fact  that  the  ore  is  much 
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more  easily  mined  than  in  the  conglomerate  beds,  bat  is  also  in  part 
due  to  its  excellent  management. 

All  of  these  mines  produce  more  or  less  copper  in  lumps,  which, 
when  of  sufficient  size  to  be  handled,  is  called  "  barrel-work,"  to  dis- 
tinguish it  from  that  produced  by  the  stamps,  which  is  called  "  stamp- 
work."  These  masses  of  copper  vary  from  the  size  of  a  pea  up. 
Masses  weighing  as  high  as  one  ton  have  been  found  in  the  conglom- 
erate mines,  but  this  is  unusual.  When  slips  have  taken  [flace  in 
the  hanging  wall  of  these  mines,  the  copper  is  deposited  between  the 
lavers  of  the  slips  in  thin  sheets,  which  look  as  if  they  were  rolled 
out.  Many  of  them  have  been  taken  out  from  the  Calumet  &  Hecla 
two  feet  square.  They  could  probably  have  been  taken  out  much 
larger  but  for  the  difficulty  of  handling  them,  for  as  it  is  not  possible 
to  separate  all  the  rock,  the  sheet  breaks  or  tears  with  its  weight.  It 
requires  great  judgment  in  the  mine  to  determine  what  rock  shall  be 
brought  to  the  surface  and  what  left  in  the  mine.  The  eye  fre- 
quentlv  fails  to  detect  anything  in  the  poor  rocks,  but  by  running 
the  fingers  gently  over  their  surface,  the  miner  soon  learns  to  detect 
the  slightly  projecting  pointed  pieces  of  copper  from  the  inequalities 
of  the  rock,  and  even  to  form  an  approximate  ^idgtnent  of  how 
much  it  contains. 

The  methods  of  mining  which  will  be  described  are,  those  of  the 
ancients,  which  will  be  passed  over  with  only  a  notice;  those  used  in 
the  fissure  veins,  or  "  mass  mines,"  and  those  used  on  the  amygdaloid 
and  conglomerate  beds. 

The  disposition  of  the  copper  in  the  mines  causes  several  kinds  of 
material  to  be  sent  to  the  smelting  works  :  "mass  copper"  is  the  large 
pieces,  from  fifty  pounds  and  upwards  ;  "barrel-work"  comprises  the 
pieces  less  than  about  fifty  pounds,  which  can  be  easily  packed  in 
barrels;  "stamp-work,"  or  "  mineral,"  is  that  which  comes  from  the 
dressing  works.  All  the  mines  produce  mineral  and  barrel-work. 
Mass  copper  comes,  except  occasionally,  from  the  mass  mines.  The 
conglomerates  produce  but  a  small  amount  of  barrel-work,  while  the 
mass  mines  produce  a  great  deal.  As  all  the  mines  produce  min- 
eral, it  is  by  far  the  largest  part  of  the  copper  treated  in  the  smelt- 
ing works. 

The  organization  of  the  mines  is  generally  the  same  throughout 
the  district.  It  is  usually  arranged  so  as  to  separate  the  surface  work 
from  the  mining  proper,  and  differs  only  in  non-essentials  from  one 
district  to  the  other,  in  different  mines.  The  chief  man  is  the  agent, 
who  is  responsible  directly  to  the  board  of  directors.     Under    him 
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are  three  officers,  the  head  mining  captain,  the  surface  superintend- 
ent, or  "surface  boss,"  as  he  is  (!;enerally  called,  and  a  physician.  In 
a  few  exceptional  cases,  the  head  captain  is,  to  some  extent,  indepen- 
dent of  tlie  agent,  but  this  is  not  generally  so.  The  agent  makes  all 
the  contracts  for  supplies,  and  purchases  all  the  materials  for  the 
mine.  He  conducts  all  the  business  of  the  office,  having  under  him 
a  force  of  clerks,  more  or  less  large,  according  to  the  business  of  the 
mine.  Sometimes  the  surface  contracts  are  made  by  the  superintend- 
ent, but  always  with  the  approval  of  the  agent.  In  the  office  the 
mining  and  surface  work  are  always  kept  separate.  The  mine  clerk 
has  charge  of  all  the  books  relating  to  the  mine  proper,  kee})s  all 
the  accounts  of  the  mine  contracts  and  a  personal  ledger  account  with 
each  miner.  These  accounts,  less  the  store  charges,  are  settled  once 
a  month  in  drafts,  which  the  men  negotiate.  Generally,  very  little 
money  is  kept  at  the  mine,  both  on  account  of  want  of  security,  and 
because  it  is  quite  as  easy  for  the  men  to  negotiate  their  drafts  as  for 
the  company  to  get  the  ready  money.  A  miner  desirous  of  leaving 
before  the  end  of  the  month  sells  his  verified  account  easily.  In 
mines  with  full  credit  such  an  account  will  bring  very  nearly  its  face. 
They  are,  however,  sometimes  sold  at  a  great  reduction,  when  the 
credit  is  not  good  or  a  panic  takes  possession  of  the  men. 

The  surface  superintendent  has  under  him  a  master  mechanic  or 
machinist,  a  head  blacksmith,  and  a  head  car{)enter,  who  have  charge 
of  the  machinery,  tools,  buildings,  and  all  the  work  of  the  mine,  not 
immediately  connected  with  mining.  They  take  charge  of  all  the 
ordinary  repairs  to  the  machinery  and  tools,  cut  and  saw  the  timber, 
build  and  repair  the  houses,  take  care  of  the  surface  railroad,  etc. 

In  some  mines,  in  addition  to  these  men,  there  is  a  farmer,  who 
raises  produce  on  the  company's  lands;  but  generally  it  costs  more  to 
raise  crops  than  to  purchase  them  in  the  open  market.  The  store  at 
which  the  men  purchase  their  supplies  is  either  kept  by  the  com- 
pany or  let  out  by  contract,  with  the  agreement  that  the  store 
accounts  shall  always  be  secured  by  the  com])any  to  the  store,  and 
have  preference  over  all  other  debts  owed  by  the  men. 

The  prices  charged  are  reasonable,  and  are  generally  as  low  or 
lower  than  the  men  could  obtain  elsewhere.  The  men  are  not  oblijied 
to  go  to  the  store,  though  most  of  them  do. 

The  companies  generally  own  houses,  which  they  let  to  the  men 
with  families  at  a  low  rent;  some  of  these  families  take  boarders, 
but  most  of  the  single  men  prefer  to  live  in  boarding-houses,  which 
at  some  of  the  mines  are  kept  by  persons  licensed  by  the  company. 
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The  houses  let  to  families  generally  have  a  garden  plot  attached  to 
them,  Avhieh  helps  to  keep  the  men  quiet,  as  no  one  will  give  up  a 
garden  until  he  has  reaped  the  full  benefit  of  it. 

Every  large  mine  has  at  least  one  physician,  who  receives  a  salary, 
A  certain  sum  is  deducted  from  the  pay  of  the  men,  each  month, 
toward  this  object.  This  is  generally  double  for  men  of  family 
what  it  is  for  single  men.  Sometimes  two  or  more  mines  employ 
the  same  physician,  if  they  are  within  convenient  riding  distance  the 
one  from  the  other. 

The  head  mining  captain  has  entire  charge  of  the  underground 
workings.  He  is  generally  responsible  to  the  agent,  but  sometimes 
to  the  company.  He  usually  has  under  him  at  least  two  other 
captains,  one  for  the  day  and  one  for  the  night  shift,  who  work  alter- 
nate weeks  on  the  day  and  night  shift. 

The  miners  generally  work  by  contract,  usually  on  short  times,  but 
the  arrangement  is  a  nominal  one,  for  the  contracts  are  made  so  that 
only  a  certain  minimum  per  month  shall  be  earned.  If  it  is  found 
that  more  is  being  made,  the  price  of  the  next  set  of  contracts  is 
lowered.  The  head  mining  captain  lets  the  contrac^ts  on  his  judg- 
ment of  the  rock,  generally  made  by  sounding  it  with  the  head  of  a 
pick;  judging  by  the  sound  how  firm  the  rock  is,  he  lets  the  con- 
tract according  to  its  solidity  and  the  ease  with  which,  accord- 
ing to  its  position,  it  can  be  detached.  This  letting  of  contracts 
requires  not  only  experience  but  great  judgment  on  the  part  of  the 
officer,  but  the  company  always  has  control  of  the  matter,  for  if 
by  the  books  at  the  end  of  the  month  it  is  seen  that  the  mining 
captain  has  made  a  wrong  estimate,  the  price  is  lowered  at  the 
next  letting.  The  contractor  selects  his  own  men  and  works  in 
partnership  wnth  them.  They  receive  their  mine  supplies  from  the 
mine,  and  arc  charged  with  them.  The  steel  is  weighed  at  the  com- 
mencement and  the  end  of  the  contract,  but  the  mine  blacksmith 
does  the  sharpening  at  the  expense  of  the  mine.  When  the  contract 
is  finished  it  is  measured  by  the  head  captain,  or  one  of  the  captains, 
and  reported  to  the  clerk,  who  accepts  the  captain's  report  as  correct 
and  credits  the  amount  due  each  man  on  the  company's  books,  sub- 
ject to  reclamations,  which  in  dull  times  are  not  often  made.  The 
hours  vary  according  to  circumstances.  The  shift  is  generally  twelve 
hours,  but  for  work  of  a  special  nature  eight-hour  shifts  are  made. 
In  most  of  the  fissure  veins  very  careful  mine  surveys  are  made  and 
kept  up,  so  that  the  map  is  a  record  of  all  the  accidents  to  the  vein 
which  have  been  shown  in  the  mining.     In  many  of  the  other  mines 
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the  mine  map  is  simply  a  plan  of  the  foot-Avall,  which  serves  no  other 
purpose  than  to  give  a  general  idea  of  the  progress  of  the  mine. 

ANCIENT    MINING. 

Mining  in  the  copper  region  of  Lake  Superior  has  been  carried 
on  from  a  very  remote  period,  dating  at  the  least  five  hundred  years 
before  the  discovery  of  this  country.  This  date  is  assigned  fi-om  the 
age  of  trees  which  have  grown  over  the  explorations.  The  methods 
used  by  the  miners  of  that  time  were  very  rude;  they  simply  fol- 
lowed the  vein  matter  with  copper  tools  and  stone  hammers,  using 
wooden  shovels  to  move  the  broken  rock,  and  wooden  bowls  and 
bark  launders  to  h-ee  the  mine  from  water.  They  did  not  want,  and 
were  unable  to  handle,  pieces  larger  than  a  few  pounds,  which  they 
took  as  they  found  them  and  beat  out  cold  into  shape,  leaving  the 
silver  attached  to  the  copper.  They  seem  to  have  had  no  knowledge 
of  dressing,  which  would  have  been  of  no  use  to  them,  as  they  were 
ignorant  of  the  flict  that  copper  could  be  smelted.  Their  excavations 
were  usually  open  to  the  air,  and  never  more  than  twenty  to  thirty 
feet  deep ;  in  a  few  instances  only  was  any  rock  left  overhead.  They 
generally  followed  the  outcrop  of  the  vein,  but  made  no  attempt  to 
follow  it  in  depth.  Most  of  their  excavations  were  so  filled  by  de- 
cayed trees  and  dirt,  that  in  a  thickly-wooded  country  they  for  a 
very  long  time  escaped  observation.  When  attention  was  once  called 
to  them  they  were  explored,  and  many  of  the  best  mines  in  the 
early  history  of  the  present  development  were  located  upon  them. 
This  is  true  of  the  Central,  in  the  Keewenaw  district,  where  three 
large  masses  were  found  uncovered,  two  of  them  overlapping  each 
other,  amounting  to  53  tons  in  weight.  The  thin  edges  of  these 
overlapping  masses  had  been  hammered  so  that  they  were  very  much 
bent  before  it  was  decided  to  abandon  them.  At  the  INIinnesota  mine, 
in  the  Ontonagon  district,  they  found  a  mass  of  six  tons,  which  had 
been  raised  on  a  cobwork  of  wood  several  feet  before  it  was  aban- 
doned. The  wood  was  still  sound,  but  when  brought  to  the  air  it 
cracked  and  rapidly  went  to  pieces. 

The  veins  worked  by  these  miners  were  not  chosen  at  random,  but 
were  selected  with  a  judgment  and  skill  to  which  the  prosperity  of  some 
of  our  mines  of  to-day  are  to  a  great  extent  due.  Xothing  is  known  of 
the  people  who  did  the  work,  except  the  scanty  traces  which  they  have 
left  behind  them  in  the  mines,  all  of  which  seem  to  have  been  aban- 
doned in  the  full  tide  of  prosperity,  and  are  left  as  though  it  was  evi- 


282  COPPER    MINING   ON    LAKE   SUPERIOR. 

dent! y  the  intention  of  the  people  to  return  to  tliem.  From  the  methods 
adoi)ted  and  the  severity  of  the  climate,  it  is  evident  that  they  were 
mined  only  in  the  summer  season,  for  in  a  country  where  the  aver- 
age depth  of  snow  is  from  four  to  five  feet,  such  workings  would 
have  been  impossible  in  the  winter.  Who  these  ancient  miners  were, 
or  where  they  lived  during  the  rest  of  the  year,  we  can  only  conjecture. 
All  that  is  known  of  them  was  published  in  the  early  volumes  of  the 
Smithsonicm  Contributions  to  Knowledge.  Personal  inspection  of  many 
of  their  works  show  them  to  have  been  a  people  of  a  certain  amount 
of  civilization.  They  had  an  art  of  hardening  copper,  probably  by 
hammering  it  cold,  and  a  skill  in  using  their  tools,  which  makes 
us  wish  that  we  knew  more  of  this  race  of  miners. 

MASS    MINING. 

The  masses  of  native  copj)er  which  are  found  in  the  mass  mines 
vary  very  greatly  in  size.  They  are  sometimes  single  masses  and 
sometimes  a  succession  of  masses,  held  together  by  thin  sheets  or 
threads,  and  sometimes  masses  properly  speaking.  Most  of  the 
mines  which  have  produced  the  largest  masses  are  in  the  Ontonagon 
district.  One  was  found  in  the  Minnesota  mine  which  weighed  five 
hundred  tons;  one  in  the  National,  which,  if  it  had  all  been  got 
out  together,  would  have  weighed  over  one  thousand  tons,  but  the 
nature  of  the  ground  was  such  that  it  was  cut  up  to  extract  it,  and 
mined  at  different  times.  In  the  Keweenaw  district  the  Central 
has  produced  several  masses  weighing  over  three  hundred  tons  each  ; 
the  Phoenix  one  of  six  hundred  tons,  and  many  over  one  hundred 
tons  ;  the  CliflT  several  of  one  hundred  and  fifty  tons  each.  These 
are  very  large  masses,  and  are  only  found  occasionally.  The  average 
of  those  extracted  will  not  weigh  more  than  one  to  fifteen  tons. 

To  mine  such  large  quantities  of  metallic  copper  is  very  difficult, 
and  to  get  them  into  a  shape  to  use  commercially  is  still  more  so. 
They  are  sometimes  from  ten  to  twenty  or  even  fifty  feet  in  length, 
from  ten  to  twenty-five  feet  in  width,  and  from  an  inch  or  less  in 
thickness  on  their  edges  to  five  or  six  feet.  ^ 

The  masses  are  often  discovered  by  what  are  called  "  horns." 
These  horns  are  projections  of  native  copper,  which  are  generally,  to 
commence  with,  not  much  larger  than  the  thumb,  which  protrudes 
from  one  of  the  walls  of  the  vein.  When  such  a  projection  as  this 
is  found  it  is  usual  to  explore  it  to  find  out  its  extent.  But  many 
very  large  masses  of  coi)per  carry  no  horns,  and  are  consequently 
smooth  on  their  surface  and  give  no  indication  of  their  presence,  so 
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that  systematic  methods  must  be  nsed.  The  usual  method  of  min- 
ing in  mass  veins  is  to  run  a  drift  on  the  hanging  wall  of  the  vein 
from  ten  to  twenty  feet  or  more  in  length,  and  then  take  out  the 
whole  of  the  vein  matter,  the  rock  of  which  is  sorted;  but  the  larger 
part  goes  to  the  stamps  to  be  crnshed  and  concentrated. 

This  work  is  much  more  difficult  than  it  would  at  first  sight  appear, 
on  account  of  the  fact  that  the  surface  of  a  mass  is  often  not  only- 
very  uneven,  but  is  frequently  attached  to  the  rock  by  strings  which 
vary  in  size,  and  are  often  larger  than  the  arm.  The  masses  vary- 
greatly  in  thickness  also,  and  sometimes  appear  to  be  a  large  number 
of  masses  joined  together  by  sheets  or  strings,  which  are  often  so  thin 
as  to  be  easily  cut  through  by  a  blow  of  the  pick.  Tiie  vein  must 
be  systematically  explored  by  endeavoring  to  drill  across  it,  at  very- 
short  intervals  above  and  below,  for  ten  or  twenty  feet  or  more,  stop- 
ping when  copper  is  reached,  until  the  drill,  going  deep  into  the  vein 
matter,  shows  that  an  edge  of  the  mass,  or  a  thin  spot  in  it,  has  been 
reached.  This  hole  is  blasted.  If  the  mass  is  not  very  large  or 
thick,  although  the  copper  is  not  thrown  down,  a  crack  is  made. 
This  crack  is  then  tamped  tight,  filled  ^vith  powder  and  fired.  This 
is  repeated  until  an  opening  large  enough  to  introduce  five  to  ten 
kegs  of  powder  is  made. 

This  method  is,  however,  applicable  only  to  small  masses  much 
mixed  with  rock.  AVhen  the  copper  is  thick  it  will  not  an- 
swer, and  it  is  necessary,  then,  to  drill  behind  and  blast  so  as  to 
crush  the  rock  and  make  a  place  for  the  powder.  In  drilling 
these  holes  for  blasting  out  the  vein  matter,  if  the  drill  strikes  cop- 
per before  the  hole  is  deep  enough  to  blast,  another  hole  is  drilled 
a  few  feet  further  on.  If  this  strikes  copper,  holes  1|"  in  diam- 
eter are  drilled  on  all  sides  to  the  number  of  twenty  or  more,  the 
whole  length  of  the  vein  as  it  stands.  This  locates  the  mass.  The 
miners  then  go  back  to  the  place  where  the  vein  was  last  blasted 
out,  and  with  drills,  2J"  to  2f"  in  diameter,  and  from  4'  to  7' 
long,  try  to  get  behind  the  mass.  These  holes  are  filled  |  full  of 
powder,  tamped  with  fine  stuff,  rammed  as  tight  as  possible,  and 
then  fired.  If  this  does  not  throw  the  rock,  it  is  certain  that  there 
is  a  mass  more  or  less  large  to  be  dealt  with.  Very  often  the  holes 
which  have  been  fired,  although  they  do  not  throw  down  the  copper, 
crush  the  rock  behind  it,  so  that  with  sharp-pointed  bars  an  opening 
sufficient  to  introduce  one  or  two  kegs  of  powder  can  be  made.  If 
this  does  not  throw  the  copper  down,  it  is  left  in  place  until  stoping 
uncovers  more  of  it,  and  the  drift  is  pushed  forward.     AVhen  ready, 
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a  slope  four  feet  six  inches  high  is  carried  on  the  hanging  wall  and 
the  rociv  levelled.  The  vein  stuif  so  removed  is  sent  to  the  "mills" 
to  he  carried  to  the  stamps. 

Wiien  the  masses  are  very  large  these  methods  are  not  applicable. 
The  face  of  the  mass  is  then  disengaged  as  before,  and  a  small  drift 
is  run  on  the  foot-wall  so  as  to  disengage  a  certain  portion  of  the 
back.  This  tunnel  is  not  carried  to  the  full  extent  of  the  length  of 
the  mass.  This  exploration  having  been  finished,  the  depth  of  the 
copper  in  the  middle  will  be  known,  and  its  weight  can  be  approxi- 
mately told  and  the  charge  of  powder  determined.  In  making  this 
tunnel  the  copper  is  followed  where  the  mass  is  thick  enough,  but 
where  it  thins  out  some  rock  is  left  as  a  security  against  blowing  out 
at  that  point.  Exactly  how  this  work  is  to  be  done  must  be  deter- 
mined in  each  individual  case.  If  the  mass  is  of  moderate  size, 
and  the  hanging  rock  is  strong  and  requires  no  timbering,  the  whole 
mass  may  be  uncovered  and  blown  down  at  one  time.  If,  however, 
the  mass  is  a  very  largeone,  and  the  hanging  wall  requires  support,  it 
may  not  be  expedient  to  remove  more  than  a  small  fraction  at  once. 
In  such  conditions  it  requires  a  great  deal  of  judgment  to  deter- 
mine what  is  to  be  done.  When  the  drift  is  ready,  it  is  charged 
with  powder  and'  its  mouth  closed  with  sand  or  sand-bags,  tamped 
tight  with  sand  and  clay,  and  fired.  The  amount  of  pow^der  used 
will  depend  not  so  much  on  the  size  and  apparent  strength  of  the 
mass  as  on  the  conditions  under  which  it  is  found,  and  on  the  nature 
of  the  rock.  It  will  generally  be  from  five  to  twenty-five  kegs.  As 
the  firing  of  such  a  quantity  of  powder  will  render  the  air  thick  for 
some  time,  no  matter  how  good  the  ventilation  may  be,  this  work  is 
done  usually  on  Saturday  evening  when  the  last  shift  comes  up.  By 
Monday  morning  the  air  will  be  good  again.  A  seventy  ton  mass 
in  the  Phoenix  Mine  was  thrown  down  with  tw^elve  kegs  in  August, 
1876 ;  but  there  can  be  no  general  rule  laid  down.  It  is  a  serious 
matter  to  determine  the  amount,  for  if  the  powder  is  not  in  sufficient 
quantity  to  throw  the  rock,  it  may  do  serious  damage.  Captain  Par- 
nell  cited  to  me  an  instance  in  the  National  Mine  where  five  kegs  of 
powder  were  used  on  the  fourth  level,  two  hundred  feet  from  the 
shaft,  which,  when  exploded,  proved  insufficient  to  detach  the  mass, 
but  threw  over  the  men  in  a  drift  one  hundred  and  fifty  feet  distant, 
bruising  them  badly,  and  threw  off"  the  boards  of  the  shaft-house  at 
the  surface.  Powder  is  always  used  ;  other  explosives,  though  more 
powerful,  are  not  in  favor,  and  therefore  do  not  succeed  so  well. 

The  powder  will  either  disengage  the  mass  entirely,  or  loosen  it  so 
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that  the  rock  at  the  edges  may  be  disengaged  by  picks  or  bars.  When 
free  the  mass  falls  into  the  position  which  has  been  assigned  to  it. 
Sometimes  an  excavation  has  to  be  made  into  which  the  mass  may 
fall,  so  that  there  may  be  perfect  ease  and  freedom  of  movement  in 
cntting  it  np.  This  is,  however,  not  generally  done  until  it  has  been 
blown  down  and  every  means  has  been  resorted  to  to  reduce  the 
mass  to  small  pieces  without  it.  Often  the  sand-blast  has  shaken 
the  mass  and  the  rock  attached  to  it  so  much,  that  by  block-holing 
and  cutting  off  small  pieces  here  and  there,  the  size  is  reduced  at 
very  small  expense,  so  that  the  cutters  can  work  without  having  any 
room  prepared.  Sometimes  a  second  sand-blast  is  put  in  before  going 
to  tlie  expense  of  blasting  for  room,  but  when  the  mass  is  solid,  the 
rock  around  it  must  be  blasted  out  until  the  men  can  swing  their 
hammers  easily.  When  this  place  has  been  prepared  the  mass  is 
raised  by  jack-screws  and  propped  up  with  billets  of  wood,  so  as  to 
be  in  a  convenient  position  to  be  cleaned  from  rock  with  picks,  as 
far  as  practicable,  in  order  to  be  cut  up.  When  sufficiently  clean,  it 
is  delivered  to  the  cutters,  a  party  of  three  men,  two  striking  and 
one  holding  the  chisel,  which  is  sharpened  both  ways  in  the  direction 
of  its  width,  which  is  generally  half  an  inch  ;  its  thickness  is  gener- 
ally one  and  a  half  inches. 

The  bit  is  fifteen-sixeenths  of  an  inch  wide,  and  is  bevelled  both 
ways.  As  the  chisel  has  to  be  turned  when  a  chip  is  taken  out,  it 
is  necessary  to  use  great  care  in  getting  the  corners  of  the  bit  of 
equal  distance  from  the  centre  of  the  chisel,  so  that  it  will  always 
cut  the  same  distance  from  the  centre  of  the  cut,  and  keep  it  per- 
fectly straight.  If  the  chisel  was  made  like  an  ordinary  chisel  the 
difficulty  of  getting  the  two  corners  of  exactly  the  same  temper 
would  be  very  greatly  increased,  as  would  also  the  difficulty  of  cut- 
ting. These  chisels  vary  from  one  to  six  feet  in  length,  depending 
on  the  thickness  of  the  mass.  Six  feet  is  an  unusual  length,  but  was 
used  on  a  six  hundred  ton  mass  found  in  the  Phoenix  mine  in  1869. 
The  usual  length  is  not  over  five  feet;  the  general  rule  is  to  make 
the  chisels  18"  longer  than  the  thickness  through  which  they  are  to 
cut.  Tlie  sledges  which  are  used  weigh  seven  pounds  and  the  handles 
one  and  a  half  pounds  ;  the  total  weight  is  thus  eight  and  a  half 
pounds.  The  handle  is  2  feet  6  inches  long ;  the  head  is  generally 
5|  inches  long  and  2|  thick,  it  rounds  from  the  centre  of  the  head 
to  the  face,  which  is  one  inch  square  ;  the  helve  opening  is  2  by  | 
inches.  The  hammers  were  formerly  very  much  heavier,  the  head 
weighing  as  much  as  ten  and  twelve  pounds,  but  it  was  found  that  not 
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as  mvich  work  could  be  done  with  the  heavy  as  with  the  lighter  one. 
A  hammer  of  the  same  weight  is  used  for  drilling  the  rock  as  for 
cutting  the  copper.  The  mass  is  first  lined  off  so  as  to  be  cut  up  into 
pieces  of  a  convenient  size  for  handling  in  the  mine.  The  size  of 
these  masses  is  regulated  by  the  smelters,  who  require  that  they  shall 
be  of  such  dimensions  as  to  be  easily  charged  in  their  furnaces. 
Pieces  as  heavy  as  fourteen  tons,  cut  from  the  six  hundred  ton  mass, 
have  been  sent  from  the  Phoenix  Mine,  but  that  is  unusually  large. 
If,  however,  by  cutting  off  a  few  pieces  a  mass  of  eight  or  ten  tons 
is  left,  it  is  sent  to  the  smelting  works.  This  saves  a  large  amount 
of  cutting.  Generally,  hoM'ever,  the  pieces  sent  from  the  mines  will 
weigh  between  two  and  eight  tons.  As  the  pieces  are  cut  off  they 
are  moved  with  winches  and  tackles  to  the  "mills,"  and  let  down  to 
the  levels  to  be  removed  to  the  surface.  Very  large  pieces  are  hoisted 
through  the  shaft  with  a  heavy  rope  kept  for  this  purpose.  At  the 
Phoenix  Mine  it  is  of  hemp,  5"  in  diameter. 

When  the  parts  to  be  cut  otf  are  determined,  the  workmen  commence 
with  a  short  chisel,  its  length  depending  upon  the  thickness  of  the  mass 
at  that  particular  point,  and  cut  out  a  band  of  copper  the  width  of  the 
chisel,  and  about  one-eighth  of  an  inch  thick  through  the  whole  thick- 
ness of  the  mass.  The  cut  is  to  go  through  and  across  the  mass  in  a 
perfectly  straight  line.  After  the  cut  is  about  six  inches  in  length  it  will 
generally  be  so  deep  that  it  will  be  impossible  to  see  below  it,  and  for 
this  reason  the  mass  is  always  raised  and  a  candle  placed  just  at  the 
bottom  of  the  slit,  so  that  the  workmen  may  see  what  they  are  doing. 
The  time  that  will  be  taken  in  cutting  up  such  a  mass  will  depend 
upon  its  thickness.  The  work  is  exceedingly  difficult,  and  is  a  severe 
strain  upon  the  endurance  of  the  men.  To  avoid  the  shock  and  to  pro- 
tect his  hands  the  holder  usually  wears  a  heavy  mitten.  It  does  not 
require  so  nuich  strength  as  skill  to  keep  the  chisel  constantly  at  the 
angle  which  will  cut  the  copper.  This  angle  is  learned  by  experience, 
and  although  it  is  always  the  same,  a  green  hand  will  often  fail  to 
cause  his  chisel  to  cut,  or  make  it  cut  out.  The  men  work  their  full 
shift,  but  it  is  generally  conceded  that  the  holder,  although  he  must  be 
very  skilful,  has  the  easiest  work.  The  holder  takes  good  care  to  see 
that  when  they  are  near  the  end  of  a  chip  a  block  of  wood  is  placed 
under  the  cut,  so  that  the  head  of  the  chisel,  when  it  cuts  through,  sliall 
not  fall  upon  his  hand,  or  the  point  of  the  chisel  be  dulled  by  striking 
a  hard  substance.  Not  infrequently  two  or  more  parties  work  on  the 
same  mass ;  they  usually  work  eight  hour  shifts.  In  cutting  up  the 
five  hundred  ton  mass  at  the  Minnesota  mine,  there  were  as  many  as 
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nine  parties  cutting  each  shift,  or  eighty-one  men  in  twenty-four 
hours.  Such  a  number  couhl  only  work  at  first,  for  as  the  outer  cuts 
were  finished  the  parties  had  to  be  removed,  but  a  large  force  can 
always  be  kept  employed  on  a  very  large  mass  until  it  is  entirely  cut 
up.  The  quantity  that  three  men  can  cut  in  a  day  will  generally  be 
about  three-quarters  of  a  foot,  which,  supposing  the  mass  to  be  one 
foot  tliick,  would  bring  the  cut  back  nine  inches.  The  contracts  are 
let  by  the  foot.  When  the  miners'  wages  are  about  $50,  the  contracts 
are  let  at  $12  per  foot,  the  miners  furnishing  their  own  lights.  Skilled 
men  will  make  about  $2.50  per  day  at  that  price.  The  responsible 
man  in  the  work  is  the  holder ;  the  amount  of  work  done  in  a  day 
depends  almost  entirely  upon  him.  A  good  chisel-holder  is  an 
expert,  and  consequently  a  difficult  man  to  get;  under  him  the 
strikers  work  hard,  but  accomplish  a  great  deal.  A  poor  holder  will 
make  the  strikers  work  quite  as  hard,  but  they  will  make  very 
little  progress  in  the  cutting.  A  good  holder,  while  he  keeps  the 
strikers  in  constant  activity,  will  carry  no  more  on  his  cliisel  than 
they  can  keep  constantly  driving.  He  will  keep  his  cut  perfectly 
straight  from  the  top  to  the  bottom,  so  that  there  will  be  no  shoulder- 
ing on  the  side,  or  digs  into  the  mass.  A  poor  holder  will  have  too 
light  a  chip,  in  which  case  the  chisel  will  be  out  before  it  is  halfway 
through  the  cut,  or  too  heavy  a  one,  in  which  case  the  work  of  the 
strikers  is  greatly  increased  without  its  efficiency  being  as  great  as 
with  the  proper  depth  of  chip.  It  v/as  formerly  the  practice  to  make 
the  chip  of  equal  thickness;  they  are  now  made  feather-edged  or 
wedge-shaped.  This  is  much  easier  on  the  strikers,  requiring  much 
lighter  blows,  and  is  much  more  effective.  A  good  holder  will  take 
a  chip  out  of  both  sides  of  the  cut,  and  then  run  his  chisel  through 
the  centre  and  take  out  the  ridge  in  the  middle.  The  cut  is  in  this 
way  made  a  little  larger  than  the  chisel,  and  if,  by  accident,  he  should 
cut  out,  he  can  take  it  up  where  he  left  off,  whereas,  by  the  old 
method,  he  would  iiave  to  go  back  to  tiie  beginning. 

The  time  which  is  required  to  disengage  and  cut  up  a  large  mass 
is  so  great  that  it  usually  costs  as  much,  or  more,  to  get  it  out  of  the 
mine  as  it  would  to  stamp  the  same  weight  of  copper  from  a  low- 
grade  rock.  The  five  hundred  ton  mass  of  the  old  Minnesota  Mine 
required  eighteen  months'  constant  work  before  it  was  all  renioved 
from  the  mine.  An  ordinary  mass  of  fifty  to  sixty  tons  will  require 
the  labor  of  three  men,  working  at  it  continuously,  for  from  three  to 
four  months,  before  it  is  ready  to  conie  to  the  surface.  Once  ex- 
tracted, the  mass  is  still  not  in  condition  to  go  to  the  smelting  works, 
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as  it  is  associated  with  a  large  quantity  of  rock,  which  is  clnefly  cal- 
cite.  In  order  to  get  rid  of  as  much  of  this  as  possible,  the  pieces 
are  placed  together  in  kihis,  and  fired  with  wood  so  as  to  heat  the 
copper  to  quite  a  liigh  heat,  and  are  then  extinguished  with  water. 
In  this  way  the  rock  becomes  very  friable,  and  is  picked  oflP  with 
picks  and  tools  made  for  the  purpose.  It  is  for  the  interest  of  the 
proprietors  to  clean  the  copper  as  much  as  possible,  since  all  that  is 
sent  to  the  smelting  works  is  weighed  as  copper,  and  is  paid  for  as 
such. 

The  pick  which  is  used  is  the  ordinary  miner's  pick,  which  is  made 
with  a  pall  or  head  on  one  side,  to  be  used  in  driving  gads  or 
wedges.  From  the  point  to  the  eye  it  is  1 1  inches.  The  eye  is  2| 
by  I  inches ;  the  head  is  3  inches  long  and  1^  square  on  its  face. 
The  pick  weighs  4|  pounds.  The  handle  is  2  feet  6  inches  long  and 
1|  inches  at  the  end,  and  weighs  1|  pounds. 

CONGLOMERATE    AND    AMYGDALOID    MINING. 

The  system  of  mining  differs  from  the  foregoing  but  little  except  in 
the  first  layout  of  the  mine.  In  the  conglomerate  and  amygdaloid 
mines  shafts  are  sunk  in  the  copper-bearing  rock,  the  number  depend- 
ing on  the  size  of  the  mine.  The  Calumet  has  eight,  the  Allouez  and 
the  Osceola  three  each.  The  distances  between  them  vary  from  three 
hundred  to  eight  hundred  or  nine  hundred  feet.  Heavy  walls  should 
always  be  left  on  the  sides  of  this  shaft,  but  it  has  not  always  been 
done,  and  the  want  of  them  will  always  be  a  source  of  increasing  ex- 
pense to  the  companies  who  have  made  the  mistake.  Levels  are  then 
laid  off  from  the  shaft,  generally  ninety,  but  sometimes  one  hundred 
feet  apart,  which  connect  the  shafts.  Generally,  the  levels  are  twelve 
feet  by  twelve  feet,  but  their  height  depends  on  their  finding  an  easy 
and  secure  separation  to  form  the  roof.  Sometimes  the  thichness  and 
richness  of  the  bed  are  sufficient  to  allow  of  the  whole  of  it  being 
worked  at  once,  as  in  the  Calumet  &  Hecla.  At  others,  only  part  of 
the  bed  is  worked,  as  at  the  Allouez,  where  the  bed  is  twenty-six  feet 
thick,  but  only  twelve  feet  of  it  is  worked.  To  facilitate  the  driving 
of  levels  winzes  are  sunk  between  the  shafts.  In  the  fissure  veins 
the  shafts,  sometimes  vertical,  sometimes  inclined,  are  not  generally 
sunk  on  the  vein,  and  the  levels  and  stopes  are  made  usually  in  the 
hanging  wall.  The  shafts  are  usually  twelve  feet  wide  by  six  feet 
high,  and  are  divided  into  two  parts  by  a  1"  plank  partition.  One 
of  these  serves  for  the  extraction  of  the  ore,  and  the  other  for  the 
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passage  of  the  pump  and  the  men.  The  levels  are  always  run  so  as 
to  convey  the  water  to  a  single  sump  at  the  foot  of  one  of  the  shafts. 
The  mines  are  not,  however,  very  wet.  For  those  of  ordinary  size, 
a  small  pump,  working  only  part  of  a  day,  will  keep  the  mine  dry 
when  the  ground  has  not  been  affected  by  caves  which  let  in  the  sur- 
face water. 

The  method  of  mining  is  overhead-stoping,  which  is  done  by  hand 
or  compressed-air  drills,  according  to  the  situation  of  tlie  place  to  be 
worked.  As  soon  as  the  mine  is  opened  the  rock  is  extracted  at  once, 
commencing  from  the  shafts  and  winzes,  working  both  sides  of  them. 
If  the  rock  next  the  shaft  does  not  contain  copper  it  is  left,  but  other- 
wise it  is  taken  out.  The  roof  must  be  then  supported  by  timbers. 
No  attempt  is  usually  made  to  fill  up  the  space  left  by  what  is  taken 
out  of  the  mine,  unless  the  material  to  do  it  with  is  close  at  hand. 
In  the  bed  called  the  "  Ashbed,"  at  the  Copper  Falls  Mine,  immense 
chambers,  seventy-five  feet  square,  have  been  left  without  any  sup- 
port of  any  kind.  The  roof  is  very  firm  and  has  stood  for  many 
years,  but  there  is  no  excuse  for  such  methods,  for  eventually  the 
roof  must  yield.  The  result  in  the  Minnesota  Mine  is,  that  if  the 
mine  were  pumped  out  there  is  little  probability  that  it  could  be 
worked.  If  pillars  had  been  left,  the  mine  would  probably  have 
still  been  capable  of  being  put  in  working  order.  Tiie  result  of  the 
system  is  that  that  mine  now  can  only  be  worked  on  a  very  small 
scale.  There  mast  come  a  time  when  the  wooden  props  will  crush, 
and  then  the  future  of  the  mine  will  be  compromised,  even  supposing 
that  the  shaft  or  level  is  kept  in  order.  If  a  timber  be  replaced,  it 
must  be  every  time  shorter,  as  the  roof  descends  the  surface-water  is 
let  in,  and  constant  expense  of  repairs  necessary,  as  witness  some  of  the 
first  levels  of  the  Calumet  &  Hecla.  After  a  certain  time  the  open- 
ing will  be  either  too  low  to  work  in,  or  the  roof  must  be  taken  out, 
a  hazardous  and  expensive  operation  in  yielding  ground.  If  the 
proper  pillars  had  been  left,  the  workings  would  have  remained  good 
for  years. 

Each  company  is  obliged  to  own  woodland  and  to  select  the  best 
of  their  wood  for  supports,  or,  as  is  the  case  of  the  Calumet,  go  long 
distances,  and  raft  their  wood.  The  method  is  otherwise  bad,  as  when 
the  ground  begins  to  crack,  the  superficial  waters  must  come  in.  The 
present  inconvenience  is  not  great,  as  the  roofs  are  generally  very 
solid,  but  on  account  of  the  use  of  this  method,  any  attempt  made 
to  work  on  a  large  scale  the  Minnesota  Mine,  which  has  lain  idle  a 
number  of  years,  would  to-day  probably  prove  a  failure. 
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In  looking  at  the  vast  chambers  in  many  of  the  mines  with- 
out any  support  of  any  kind,  one  has  an  involuntary  feeling  of 
dread  lest  the  roof  should  cave.  The  solidity  of  the  ground  is  re- 
markable, but  it  must  one  day  give  way.  The  immense  amount  of 
rock  which  has  been  thrown  on  the  burrows,  suggests  the  advisability 
of  filling  the  old  workings  of  the  mine  with  it,  and  this  has  sometimes 
been  done  in  a  very  limited  way.  If  it  had  been  adopted  as  a  policy 
at  the  commencement  of  mining  operations,  much  would  have  been 
saved  by  it.  Generally,  the  roof  is  so  solid  in  the  conglomerate, 
that  no  support  of  any  kind  is  needed  in  the  ordinary  stopes,  but  oc- 
casionally tiie  hanging-wall  is  insecure  from  slips,  which  have  made 
the  rock  friable,  with  large  cleavage  planes  ;  the  roof  must  then  be 
supported.  This  is  done  with  heavy  timbers,  which  in  the  Calumet 
&  Hecla  mines  are  sometimes  two  to  three  feet  in  diameter  and  are 
placed  almost  in  contact. 

The  stopes  always  have  communication  with  the  levels  below. 
To  make  this,  heavy  timbers  are  footed  into  the  foot- wall,  and 
dropped  against  the  hanging-wall,  at  an  angle  of  about  45°  from 
the  plane  of  the  level.  In  the  Phoenix  Mine  they  are  placed  six 
feet  from  centre  to  centre.  Every  ninth  timber  is  placed  a  little  fur- 
ther apart,  and  the  space  between  laid  out  as  a  "  mill,"  which  is  car- 
ried up  with  the  stope,  so  that  every  stope  has  one  or  more  mills. 
These  mills  are  7  feet  by  5  feet. 

Tiie  drills  which  are  used  for  soft  rock  are  made  of  one-inch  oc- 
tagon steeT,  the  bit  of  which  is  forged  to  IJ  inches.  In  the  con- 
glomerate the  bit  is  forged  to  only  1|  inches.  One  man  holds  while 
two  strike.  A  one-man  drill  is  rarely  used,  except  in  block-holing, 
or  in  preparing  the  places  for  the  heavy  timbers  to  support  the  walls. 
Cartridges  are  not  used,  though  they  would  save  much  time,  and 
allow  of  much  more  work  being  done.  The  use  of  fuses  is  universal. 
Three  men  will  easily  make  three  holes  of  2  feet  to  2  feet  6  inches 
in  a  shift  of  eight  hours  in  moderately  hard  rock.  In  conglomerate 
they  cannot  do  anything  like  as  much.  Wherever  it  is  possible, 
compressed-air  drills,  generally  of  the  Burleigh  or  Winchester  pat- 
terns, are  made  use  of,  but  a  large  amount  of  hand-work  has  always 
to  be  done.  Powder  is  used  exclusively  in  blasting.  The  miners 
do  not  like  dynamite,  nor  any  of  the  modern  explosives,  as'  they  say 
the  air  after  a. shot  gives  them  a  headache.  The  shots  are  fired,  as 
much  as  possible,  at  the  end  of  a  shift,  so  as  to  give  the  air  time  to 
clear  before  the  other  shift  comes  on. 

The  pick  which  is  used  is  the  same  as  the  one  described  as  being 
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used  in  tlie  mass  mines.  It  has  on  one  side  the  pick,  and  on  the  other 
the  head  or  pall,  which  is  tempered  to  drive  a  "gad,"  or  steel  wedge. 
It  is  also  also  used  to  sound  the  rock  and  ascertain  its  solidity. 

The  number  of  men   and  their  wages,  employed  at  tiie  Central,  a 
mass  mine,  is  ffiven  below : 


1875. 

lS-7. 

1875. 

1877. 

Miners,     . 

,     158 

195 

Wages  per  month. 

$52.65 

$49.80 

Surface  men, 

.       39 

35 

(1                     u 

43.14 

40.43 

Stamp  men. 

.       15 

12 

11                 11 

44.57 

47.02 

There  were  in  the  Allouez  Mine,  in  July,  1876,  282  men  in  24 
hours.  They  worked  10  hours  to  a  shift;  from  7  a.m.  to  6  p.m.,  a 
day-shift,  and  from  7  p.m.  to  6  a.m.,  a  night  shift.  There  were  122 
men  stoping,  42  drifting,  18  sinking. 

There  were  three  rock-drilling  machines,  with  six  men  on  each, 
making  for  the  machines  eighteen  men  ;  thirty  trammers,  who  wheel 
the  rock  ;  twelve  block-holers,  who  split  or  fire  the  rock  ;  eight 
landers  and  bell-ringers ;  four  timbermen  and  helpers ;  sixfeen  la- 
borers, and  three  mining  captains. 

The  average  number  of  men  in  the  mine  throughout  the  year  was 
318  per  month.  The  average  wages  of  the  men,  including  mining 
captains,  was  $47.10.  These  costs  include  the  cost  of  hoisting  and 
pumping.  The  total  cost  of  these  men  and  the  number  of  days' 
work  done,  in  the  Allouez  Mine,  for  July  and  August,  1876,  by  each 
cIei^ss  of  men,  is  given  in  the  table  below  : 

Number  of  Men  Employed  by  the  Allouez  Mining  Co.  in  the  Months  of 

July,  1876,  and  August,  1876. 


Miners  on  Contract,  .  . 
Mining  Captains,    .     .     . 

Miners, 

Machinists  and  Helpers,  . 

Carpenters, 

Timbermen, 

Laborers  and  Teamsters,  . 

Firemen, 

Blacksmitlis  and  Helpers, 
Framers  of  Skips,  .  .  . 
Landers  and  Bellringers, 

Engineers, 

Foremen, 

Surface  Captains,     .     .     . 

Watchmen, 

Masons, 

Brakemen, 

Trackmen, 

Agents  and  Clerks, .  .  . 
Head  Runners,  .... 
Stamp  Feeders,  .... 
Dressersji 


Total, 


396 


175 

183 

3 

3 

201: 

10 

6| 

7| 

H 

9 

2 

2 

70i 

86i- 

n 

9^ 

n 

Si 

36 

35^ 

8 

8 

n 

7-1 

3 

3 

1 

1 

OS 

•^8 

OS 

^8 

2 

1 

1 

1 

5f 

1 

3 

3 

28^ 

2i 

6^ 

7i 

17 

18| 

417 
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The  following  table  gives  the  cost  of  wages  per  ton  of  rock  hoisted, 
and  per  ton  of  rock  milled,  at  this  mine,  for  July  and  August,  1876. 

Miners'  Wages  at  the  Allouez  Mines. 

July,  1876.  # 


Mining  Captains,     .     . 

Miners, 

Machinists  and  Helpers, 
Carpenters,      .... 
Timbermen,    .... 

Laborers, 

Firemen, 

Blacksmith  and  Helpers, 
Framing  Skips,   .     .     . 
Supplies  Used,     .     .     . 


Total, 0.3241 


Number  of  Days'  Work 
PER  TON  OF  Rock. 


Hoisted. 
0.0115 
0.0780 
0.0115 
0.0078 
0.0078 
0.0491 
0.0038 
0.0154 
0.1387 


Milled. 
0.0159 
0.1080 
0.0159 
0.0108 
0.0108 
0.0680 
0.0053 
0.0213 
0.1920 


0.4484 


Cost  per  ton  of  Rock. 


Hoisted. 

$0.0500 
0.1153 
0.0246 
0.0175 
0.0171 
0.0650 
0.0057 
0.0367 
0.1909 
0.1378 


$0.6608 


Milled. 
$0.0691 
0.1596 
0.0343 
0.0243 
0.0237 
0.0900 
0.0U78 
0.0507 
0.2643 
0.1907 


.9145 


August,  1876. 


Mining  Captains,     .     .     . 

Miners, 

Machinists  and  Helpers, 
Carpenters,      .... 
Timbermen,    .... 

Laborers, 

Firemen, 

Blacksmith  and  Helpers, 
Fi-aming  Skips,   .     .     . 
Supplies  Used,    .     .     . 

Total, 


Number  of  Days'  Work 
PER  ton  of  Rock. 


Hoisted. 

0.0111 
0.0594 
0.0139 
0.0037 
0.0074 
0.0788 
0.0046 
0.0157 
0.1318 


0.3267 


Milled. 
0.0151 
0.0811 
0.0190 
0.0050 
0.0101 
-0.1075 
0.0063 
0.0214 
0.1798 


0.4453 


Cost  per  ton  of  Rock. 


Hoisted. 

$0.0481 
0.0888 
0.0276 
0.0058 
0.0165 
0.1038 
0.0069 
0.0386 
0.1835 
0.1482 


$0.6679 


Milled. 

$0.0656 
0.1212 
0.0376 
0.0079 
0.0225 
0.1416 
0.0094 
0.0527- 
0.2504 
0.2022 


).9114 


The  cost  of  work  in  the  Allouez  Mine  in  August,  1876,  per  foot,  was ; 

Drifting  in  1875  and  1876,  averaged, $19.00 

Drifting  in  conglomerate,  with  no  foot,  ......  35.00 

Drifting  in  conglomerate,  with  a  foot,     .         .  '      .  $18.00  to  20.00 

Drifting  on  hanging-wall  would  cost  about,    ....  6.00 

Drifting  in  winzes,* 17.00  to  23.00 

Drifting  in  No.  2  shaft, 37.00 

Stoping  from  No.  2  shaft,  per  fathom,    ....    20.00  to  23.00 

Sinking  No.  3  shaft, 50.00 

Sinking  in  7th  level, 25.00 

Sinking  in  6th  level, ;20.00 

Sinking  No.  1  shaft,  in  broken  ground,  ....  32.nO 

Sinking  No.  2  shaft,  for  top, 30.00 

Sinking  No.  2  shaft,  for  middle, 34.00     * 

Sinking  No.  2  shaft  for  bottom 36.00 

Average,  for  sinking  shafts,  .....  ^  33.30 


*  If  the  winze  had  no  foot  it  would  not  be  sunk 
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Tlie  cost  of  mining  at  the  Central  is  given  below : 

Sinking  in  shafts  and  winzes, 
Drifting  on  \he  vein, 
Drifting  on  tlie  conglonnerate, 
Stoping  on  the  vein,  per  cubic  fathom, 
Sloping  on  the  conglomerate, 

The  following  table  gives  the  cost  of  mining  at  several  different 
mines : 


1875. 

1877. 

.     $32.88 

$33.60 

.       12.07 

11.53 

.       18.81 

13.47 

.       1940 

20.73 

.       32.45 

21.70 

COST 

OF    MINING 

Atlantic. 

Atlantic. 

Nonsuch. 

Quincy. 

1876. 

1877. 

1876. 

1877. 

Stoping,  per  cubic  fathom, 
Drifting,  per  foot,     . 
Sinking,  per  foot. 

.     $17  23 
.        12.58 
.       30.00 

$10  24 
11  83 
36.00 

$7  00 
12.00 

$17  29 
11.22 
13.44 

The  average  number  of  contracts  at  the  Allouez  was  218,  and  the 
average  wages  of  the  contractors  was  $47.85.  The  following  table 
gives  the  cost  of  mining,  per  ton  of  rock  hoisted,  and  per  ton  of 
rock  milled,  at  this  mine,  for  Jvily  and  August,  1876. 


Cost  of  Mixing  at  the  Allouez  ~^ 
July,  1876. 

IlNE. 

Distance. 

Price  per  foot 
or  tatlionj. 

Niniiher  of 
Men. 

Co.'Jt  per  ton, 
Hoisted. 

Cost  per  ton. 
Mill.d. 

Sinking  Shaft,      ...... 

"        Winzes,  48.5  feet,    .     . 

Drifting,  62.3  feet, 

Stoping,  371.96  iiithoms,        .     . 

Cutting  Plats,  Casing  and  Di-] 
viding  Shaft,  and  Blasting  > 
outside  of  level,    ....  J 

Cutting  Fork, 

Miners' Wages  and  Supplies,     . 

$13.75 
19.35 
18.54 

12 

24 

121 

18 

$0.1082 
0.1776 
0.9845 

0.1084 
0.6608 

$0.1495 
0.2468 
1.3626 

0.1501 
0.9145 

Total  Mining  Cost,   .... 

$2.0395 

$2.8227 

Powder,  Fuse,  Candles,   Steel,  etc.,   included   in  items 
above, 

$0.3044 

$0.4213 

August,  1876. 

Distance. 

Price  per  foot 
or  fathom. 

Number  of 
Men. 

Cost  per  ton, 
Hoisted. 

Cost  per  ton, 
Milled. 

Sinking  Shaft,  5  feet,    .... 
■  "        Winzes,  21  feet,  .     .     . 

Drifting,  131.2  feet 

Stoping,  369.63  fathoms, .      .     . 

Cutting  Plats,  Casing  and  Di-  ] 
viding  Shaft,  and  Blasting  > 
outside  of  level,     ....  J 

Cutting  Fork,  11  feet,  .... 

Miners'  Wages  and  Supplies,     . 

$30.00 
17.00 
19.74 
18.96 

20.00 

3 

6 

42 

129 

3 

$0.0206 
0.0532 
0.3136 
0.9715 

0.0302 
0.6679 

$0.0281 
0.0726 
0.4279 
1.3257 

0.0412 
0.9114 

Total  Mining  Cost,      .... 

$2.0571 

$2.8070 

Powder,  Fuse,  Candles,  Steel,  etc.,   included  in  items 
above, 

$0.3343 

$0.4562 
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The  lighting  of  the  mines  is  done  exclusively  bj  candles,  which 
are  surrounded  by  a  lump  of  clay,  and  attached  to  the  hat  while 
walking,  or  to  the  wall  when  at  work  ;  they  weigh  about  1.5  ounces 
each.  Four  or  five  are  burned  during  a  shift.  They  are  never 
burned  out  entirely.  The  ends  are  carefully  saved,  and  in  some 
mines  are  used  to  fire  the  fuses.  The  use  of  candles  is  universal.  It 
would  seem  as  though  there  would  be  an  advantage  in  vising  oil,  so 
far  as  the  cost  of  lighting  is  concerned,  but  the  habit  of  using  them, 
and  the  convenience  of  attaching  the  candle  anywhere  with  the  lumps 
of  clay,  overcomes  any  advantage  of  economy  which  the  oil  might 
have. 

The  entry  to  the  mines  is  usually  by  ladders,  which  are  placed  on 
the  foot- wall.  These  ladders  are  made  with  wooden  sides  and  wooden 
or  iron  rounds.  Those  with  wooden  rounds  are  made  by  contract 
at  $0.06  per  running  foot.  They  are  much  easier  to  use  than  those 
with  iron  rounds,  which,  however,  last  much  longer.  As  the  incline 
of  these  ladders  is  about  that  of  an  ordinary  stairs,  they  are  not  in- 
frequently provided  with  a  handrail,  and  used  as  stairs  or  ladder 
by  the  men  as  each  one  fancies.  This  has  led  in  some  of  the  mines, 
as  in  the  Phojuix  and  Nonsuch,  to  the  use  of  stairs,  which  are  made 
of  pieces  of  plank,  fastened  securely  to  the  foot-wall  with  pieces  of 
wood  nailed  on  in  such  a  way  as  to  make  a  step  eight  inches  wide, 
with  a  rise  of  ten  inches.  The  wood  for  making  the  riser  is  only  four 
inches  wide,  so  that  the  beam  shows  under  it.  Such  steps  cost  $0.10 
jper  running  foot,  and  are  very  easy  to  walk  on.  They  last  more  than 
three  times  as  long  as  the  ladders,  without  repairs,  which,  when  nec- 
essary are  less  expensive,  and  more  quickly  made,  than  those  to  the 
ladders,  and,  as  the  main  beam  does  not  have  to  be  removed,  can  be 
very  rapidly  made.  At  the  Phoenix,  and  formerly  at  the  Central 
mines,  the  men  are  let  into  and  taken  out  of  the  mine  on  a  large  step- 
car,  thus  saving  the  men,  when  the  shifts  are  long,  a  great  deal  of 
time  and  fatigue.  The  Calumet  &  Hecla  an(jl  the  Central  have  man- 
engines;  the  one  in  the  Calumet  does  not  reach  to  the  bottom  of  the 
mine,  but  goes  only  part  of  the  way. 

The  rock  is  picked  as  much  as  possible  in  the  mines,  for  which 
reason  the  very  large  pieces  in  the  conglomerate  mines  are  always 
block-holed  and  blasted  in  the  mine  until  they  are  sufficiently  small 
to  be  transported  in  the  skip.  The  poor  rock  is  left  in  the  mine 
and  is  thrown  against  the  stulls.  The  difficulty  of  selection  in  the 
mine,  however,  is  such,  that  most  of  the  rock  is  carried  to  the  sur- 
face. 
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The  first  selection  in  the  amygdaloid  is  made  in  the  shaft-house. 
The  rock  is  piled  on  a  w^agon  and  carried  to  the  shaft ;  the  skip  is 
let  down,  so  that  the  sides  reach  below  the  bottom  of  tlie  rail ;  the 
rock  is  dumped  into  it  and  the  signal  given  for  hoisting  by  the  sig- 
nal-man who  stands  at  the  foot  of  the  shaft.  Another  signal-man 
is  stationed  at  the  top  of  the  shaft  to  give  notice  of  the  approach  of 
the  skip.  This  position  requires  a  man  of  activity  and  intelligence, 
as  any  failure  on  his  part  to  give  the  signal  would  cause  the  skip  to  go 
to  the  top,  where  it  would  be  caught  by  the  turn  of  the  rails  and  the 
cable  pulled  in  two.  This  accident  happened  twice  in  the  course  of 
ten  days  in  one  of  the  mines,  breaking  the  iron  rope  and  letting  the 
skip  down  a  distance  of  seven  hundred  feet,  from  which  it  came  up 
with  but  few  bruises,  the  greatest  being  the  breaking  of  the  cast-iron 
boss  by  which  the  axles  are  attached  to  the  sides.  The  wood-work  of 
the  shaft  was  very  much  damaged,  but  fortunately  no  lives  were  lost. 

The  skips  are  made  of  half-inch  rolled  iron,  riveted  at  the  corners 
to  angle-irons  four  inches  wide  by  half  an  inch  thick.  Fig.  1  gives  the 
details  of  the  skip  at  the  Atlantic  Mine.  The  bottom  is  seventy-two 
inches  long.  It  is  tliirty-six  inches  high  and  forty-two  inches  wide. 
The  top  is  bevelled  to  the  angle  of  the  inclination  of  the  shaft,  so  that 
it  is  only  forty-eight  inches  long.  The  back  is  reinforced  by  three 
strips,  one  inch  thick,  the  whole  height  of  the  skip,  which  are  three 
inches  apart.  The  middle  one  is  six  inches  wide,  and  the  side  ones 
are  five  inches. 

The  wheels  are  thirty-six  inches  apart,  the  hind  ones  being  placed 
as  near  the  back  as  possible.  The  wheels  are  twelve  inches  in  diam- 
eter, the  hind  ones  having  a  tread  of  five  inches,  while  the  front  ones 
have  one  of  only  three  inches,  so  that  when  it  rises  to  the  top  it  will 
fall  through  the  tramway  and  let  out  the  ore,  while  the  hind  ones  are 
caught  in  curves  of  the  rails.  The  axles  are  made  of  steel,  two  inches 
in  diameter  and  five  inches  long,  and  are  fastened  in  cast-iron  bosses 
(Fig.  2),  two  inches  tliick  and  ten  inches  in  diameter,  which  are  riveted 
to  the  sides. 

The  skip  is  hoisted  by  a  movable  bail  strap,  c,  four  inches  wide, 
and  seven-eighths  of  an  inch  thick,  which  rotates  on  a  pin,  d  (Fig. 
3),  which  passes  through  the  side  of  the  skip,  a,  and  through  the 
fixed  bail-straj),  b.  The  movable  bail  thus  rotates  between  a  and  b. 
The  bail-strap  is  fifty-seven  inches  long  from  its  point  of  rotation  to 
where  it  is  attached  to  the  bail.  The  bail,  e  (Fig.  1),  is  forty-five 
inches  long,  four  inches  wide,  and  two  inches  thick,  and  is  slightly 
wider  in  the  middle,  where  the  hole  for  the  attachment  of  the  rope 
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is  made.  It  is  attached  to  the  bail  by  projections  two  and  one-half 
inches  in  diameter,  which  pass  through  holes  in  the  ends  of  the  bail- 
strap. 

When  the  skip  is  to  stop  at  any  level,  a  rest  is  prepared  for  it, 
which  is  removed  when  it  is  to  pass  below.  A  place  is  always  cut  out 
of  the  hanging  rock  for  the  miners  to  pass  around  the  shaft.  The 
'shaft  at  this  point  is  a  frequent  source  of  accident,  from  men  Avalking 
into  it,  especially  at  those  levels  which  are  little  used,  and  where  a 
signal-man  is  seldom  stationed.  They  are  frequently  so  stunned  by 
the  fall  that  they  become  bewildered,  and  the  skip  passing  up  or  down 
strikes  and  kills  them. 

The  cables  which  are  used  for  extraction  are  of  iron  or  steel  wire, 
and  are  wound  'around  a  drum  of  considerable  size.  Each  level  is 
marked  on  the  rope,  or  on  a  tell-tale,  where  the  engineer  can  see  it. 
The  velocity  of  the  skip  is  regulated  by  a  strap-brake,  passing  around 
the  revolving  drum.  It  is  attached  to  a  long  lever  of  wood  on  which 
a  man  sits,  bearing  more  or  less  of  his  weight,  according  as  the  ve- 
locity is  to  be  greater  or  less.  The  skill  with  which  they  can  regulate 
it  is  remarkable.  In  some  mines,  especially  those  with  vertical  shafts, 
the  skip  is  allowed  to  fall  with  its  natural  velocity,  but  is  stopped 
without  much  jar  in  a  few  seconds  at  the  bottom.  Tiie  cables  are 
greased  with  coal-tar.  As  this  substance  is  always  acid  from  the  pro- 
cess of  refining  the  petroleum,  this  greasing  often  does  more  harm 
than  good,  as  it  corrodes  the  strands  and  weakens  the  rope.  It  would 
be  very  easy. to  saturate  tlie  acid,  by  adding  lime  and  boiling  before 
using,  as  is  done  in  Pennsylvania,  but  it  is  not  generally  done. 

The  expenses  of  hoisting,  per  ton  of  rock  hoisted  and  milled  at  the 
Allouez  Mine,  for  two  months  of  1876,  are  given  in  the  tables  below  : 


Hoisting  Expenses  at  the  Allouez  Mine. 
July,  1876. 


NUMBKR  OF 
PER  TON 

Days'  Work 
Rock. 

Cost  per  ton  of  Rock. 

Hoisted. 

Milled. 

Hoisted. 

Milled. 

Landers  and  Bellringers,  .     .     . 

0.0308 

0.0426 

§0.0450 

$0.0623 

Engineers, 

0.0154 

0.0213 

0.0308 

0.0426 

Laborers, 

Machinist, 

0.0029 

0.0040 

0.0067 

0.0094 

Fireman, 

0.0078 

0.0108 

0.0123 

0.0170 

Blacksmith  and  Helper,    .     .     . 

0.0057 

0.0079 

0.0102 

0.0141 

Kepairing  Boilers, 

Supplies  Used, 

0.1048 

0.1450 

Total, 

0.0626 

0.0866 

10.2098 

$0.2904 
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August,  1876. 


Landers  and  Bellringers,  . 

Engineers, 

Laborers, 

Machinist, 

Fireman, 

Blacksmith  and  Helper,  . 
Repairing  Boilers,  .  .  . 
Supplies  Used,     .... 

Total, 


Number  op  Days'  Work 
PER  TON  Rock. 


Hoisted. 

0.0297 

0.0157 

0.0019 

0.0028 

0.0074 

0.0055 


Milled. 
0.0405 
0.0214 
0.0026 
0.0038 
0.0101 
0.0075 


Cost  per  ton  of  Rock. 


Hoisted. 

$0.0440 
0.0311 
0.0029 
0.0065 
0.0125 
0.0104 
0.0201 
0.1096 


Milled. 
$0.0600 
0.0424 
0.0040 
0.0089 
0.0171 
0.0142 
0.0274 
0.1496 


0.0630 


0.0859 


.2371 


).3235 


The  number  of  tons  of  rock  hoisted  was 


July. 

August. 

Total  rock  hoisted,  . 

.     7006  tons. 

7273  tons 

Rock  sent  to  stamps, 

.     5062     " 

5330     " 

Poor  rock  sent  to  burrows. 

.     1944     " 

1943     " 

Per  cent,  stamped,  . 

72.25 

73.28 

The  total  number  of  tons  hoisted  from  July  1st,  1.875,  to  July  1st, 
1876,  was  82,410.  The  number  of  tons  of  rock  milled  was  51,135, 
or  62.5  per  cent,  of  the  rock  hoisted. 

The  front  wheels  of  the  skip  as  it  arrives  at  the  top  of  the  tram- 
way of  the  shaft,  fall  between  the  rails,  and  the  contents  are  dumped 
on  to  a  grating  made  of  rails.  The  fine  ore,  of  which  there  is  very  little 
in  the  conglomerate  mines,  falls  through,  while  the  large  pieces  slide 
into  the  rock-house.  Here  all  the  large  pieces  are  broken  with 
sledges,  and  the  poor  carried  to  the  burrows,  Avhile  those  sufficiently 
rich  to  be  treated  are  carried  to  the  rock-house.  The  breaking  up  of 
the  large  pieces  of  conglomerate  is  a  laborious  operation  when  done 
by  hand.  To  avoid  this  the  rock  is  sometimes  broken  by  a  steam- 
hammer,  as  at  the  Calumet  &  Hecla.  Some  mines  have  a  shaft-house 
for  each  shaft,  which  is  a  bad  plan.  Others  have  one  for  all  the  shafts; 
others,  still,  do  no  sorting  in  the  shaft-house,  but  carry  all  the  ore  to 
the  rock-house.  The  rock-house  is  usually  several  hundred  feet 
away  from  the  shaft-house,  and  is  connected  with  it  by  a  trestle-way, 
and  is  often  at  a  lower  level  than  the  shaft-house.  The  car  carrying  the 
ore  is  moved  automatically  by  a  wire  cable ;  when  it  arrives  at  the 
rock-house  it  dumps  itself,  in  the  same  way  as  the  mine-skip,  over  a 
grating,  and  returns  to  the  shaft-house.  The  ore  fine  enough  to  be 
stamped  is  discharged  at  once  into  pockets.  The  large  pieces  are 
brought  to  a  large-size  Blake's  crusher,  which,  at  the  Atlantic  Mill, 
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is  sixteen  inches  by  twenty-fonr  inches ;  the  medium  ore  goes  to  one 
fifteen  inches  by  nine  inches.  The  large  crusher  discharges  imme- 
diately into  the  one  of  smaller  size.  At  the  Atlantic  Mill,  one  large 
and  two  small  crushers  break  from  three  hundred  and  twenty  to  three 
hundred  and  fifty  tons  of  ore  per  day.  On  conglomerate  rock  they 
would  break  about  half  as  much.  No  attempt  is  made  to  screen  the 
ore  as  it  comes  from  the  crusners.  It  is  all  discharged  into  bins  to 
go  to  the  stamps.  It  should  be  screened,  and  the  material  fine  enough 
to  pass  the  stamp-screens  separated,  so  as  to  allow  the  stamp  to  work 
only  on  ore  needing  crushing,  for  it  has  been  found  by  experiment  in 
California,  and  also  on  Lake  Superior,  with  the  Ball  stamps,  that 
it  takes  just  as  long  to  discharge  the  mortar  filled  with  crushed 
rock  as  it  does  to  crush  the  rock  and  discharge  it. 

The  Number  of  Men  and  Total  Cost  or  Assorting  and  Selecting  at 
THE  Aelouez  Mine  was,  in 

July,  1876.  August,  1876. 


Machinist,  . 
Blacksmith, 
Fireman,  , 
Foreman,  . 
Laborers,  . 
Total, .     . 


No.  of  Men. 


1 

3 

*39} 


44.5 


Cost. 


$24  99 

36  38 

41  34 

195  00 

1365  69 


$1663  40 


No.  of  Men. 


H 
1 

3 

42i 


48 


Cost. 


$26  25 
50  19 
42  57 

195  00 
1457  48 


$1771  49 


The  average  monthly  force  during  1875  was  48  men. 
The  expenses  of  sorting  and  selecting   the  ore  for  July  and  Au- 
gust, 1876,  are  eriven  in  the  tables  below: 


Assorting  and  Selecting  Expenses  at  the  Allouez  Mine, 
July,  1876. 
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Machinist, 

Blacksmith, 

Laborers  Selecting  Eock, . 

Fireman, 

Foreman, 

Supplies  Used,     .... 

Total, 


Number  of  Days'  Work 
PER  TON  Rock. 


Hoisted. 
0.0014 
0.0042 
0.1576 
0.0037 
0.0111 


0.1780 


Milled. 

0.0019 
0.0057 
0.2151 
0.0050 
0.0151 


0.2428 


Cost  per  ton  of  Rock. 


Hoisted. 

§0.0036 
0.0069 
0.2004 
0.0059 
0.0268 
0.0515 


.2951 


Milled. 

$0.0049 
0.0094 
0.2735 
O.OOSl 
0.0366 
0.0703 


1.4027 


The  percentage  of  ore  sent  to  the  mills  is  very  variable,  depend- 
ing on  the  richness  of  the  mine.  In  1876,  the  Quincy  stamped  75 
per  cent,  of  the  rock  hoisted,  and  the  AUonez  62.5  per  cent.* 

By  dressing,  the  mineral  is  divided  into  five  classes  which  vary 
somewhat  from  mine  to  mine.  No.  1  is  barrel-stuff,  the  other  grades 
come  from  the  washers.  The  value  of  these  grades  is  expressed  in 
assay  and  ingot. 

The  Atlantic  has  very  little  barrel-stuff,  and  No.  1  from  that  mine 
is  from  the  washers. 


Allouez, 

Allouez, 

Atlantic, 

assay. 

ins- 

ot. 

assay. 

No. 

1,      .         . 

.     96 

per  cent. 

90  per  cent. 

98 

aer 

cent 

No. 

2,      .         . 

.     94 

u 

80 

11 

88 

u 

No. 

3,      .         . 

.     79 

u 

60 

11 

70 

u 

No. 

4,      . 

.     37 

I( 

30 

11 

35 

u 

No. 

5,      .         . 

.     40 

(I 

25 

u 

30 

11 

The  impurity  in  Nos.  4  and  5  is  mostly  iron. 

Very  little  of  Nos.  4  and  5  is  produced.  No.  4  is  slimes  col- 
lected from  the  washing,  and  No.  5  slimes  from  the  tail-house ;  they 
are  very  impure,  containing  mostly  iron.  All  of  these  grades  are 
smelted  together.  The  mineral  is  not  dried,  but  packed  wet  in  bar- 
rels, and  goes  to  the  smelting  works  with  the  water  in  it,  which  is 
weighed  and  charged  for  as  copper.  The  percentage  of  copper  in 
the  rock  at  the  Atlantic  in  1876  was  1.3 ;  at  the  Allouez,  1.4.  The 
average  yield  of  the  rock  in  ingot  at  the  Atlantic  was  .99  per  cent., 
and  at  the  Allouez  .87  per  cent.  The  average  yield  of  the  mineral 
in  1877  was,  at  the  Atlantic,  71.32  per  cent. ;  at  the  Piioenix,  73.34, 
per  cent.,  and  at  the  Ridge,  77  per  cent.  The  cost  of  stamping  per 
ton,  in  1877,  was  $0,578  at  the  Atlantic,  and  §0.83  at  the  Central. 
In  1875,  at  the  Central,  it  was  $0.87. 

The  yield  of  the  ore  is  determined  by  assay  and  the  returns  of 


*  See  p.  298. 
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ingot  fopper  from  the  smelting  works,  and  is  expressed  bj  so  much 
"  mineral,"  or  dressed  ore  sent  to  the  smelting  works,  and  so  much 
"  ingot/'  or  copper,  returned  from  the  smelting  works.  With  the  ex- 
ception of  the  Calumet  &  Hecla  no  attempt  is  made  to  determine  the 
value  of  the  ore  by  assay  at  the  mine,  but  complete  confidence  is 
placed  in  the  assays  made  at  the  smelting  works.  For  a  short  time 
assayers  were  employed  at  both  the  Osceola  and  the  Allouez  mines, 
but  the  laboratories  were  abandoned  after  a  very  incomplete  trial. 
Every  mine,  or  at  least  two  mines  together,  should  have  an  assayer, 
not  so  much  to  control  the  smelting  works,  whose  returns  are  rarely 
ever  disputed,  as  to  control  their  own  dressing  works,  and  to  ascer- 
tain in  what  direction  to  look  for  economies  and  improvements.  The 
only  assay  now  made  is  the  Cornish  shovel-assay,  wliich,  at  the  best, 
gives  but  the  most  rudely  approximate  results,  and  can  only  be  said 
to  be  better  than  notliing.  The  method  of  taking  the  assay -sample 
on  the  shovel  allows  the  greater  part  of  the  fine  ore  to  escape.  It 
may  be  said  that  it  is  not  possible  to  save  this  fine  ore,  which,  by  the 
present  method,  is  very  true ;  but  if  the  exact  quantity  lost  was  known, 
there  would  be  great  stimulus  to  efforts  to  save  it,  and  it  would,  at 
least,  lead  to  improved  methods  or  attempts  to  improve  them.  Ex- 
periments in  this  direction  can  be  made  at  a  very  small  expense. 

The  mills  must  be  placed  where  water  can  be  had  in  abundance. 
This  has  led  to  two  methods :  one  is  to  place  the  mill  on  the  lake 
and  pump  the  water,  as  is  done  in  the  Calumet  &  Hecla,  Osceola, 
Quincy,  Franklin,  and  Pewabic  mines  ;  the  other  is  to  place  the  mill 
in  a  favorable  position  and  bring  the  water  to  it  in  launders,  which, 
in  the  Atlantic  and  Allouez  mines,  are  two  and  one-half  miles  long. 
Sometimes,  as  in  the  case  of  the  C^uincy,  the  Franklin,  and  the  Pe- 
wabic mines,  the  mines  and  mills  are  together ;  at  others,  they  are  at 
considerable  distances  apart,  and  are  connected  by  a  mine  railroad, 
which,  in  the  case  of  the  Calumet  &  Hecla,  is  eight  and  one-half 
miles ;  the  Osceola,  eight ;  the  Atlantic,  three,  and  the  Allouez,  two 
and  one-half  miles  lone;. 

The  cost  of  transportation  over  tliese  roads,  and  of  keeping  them 
in  repair,  is  a  considerable  item.  The  details  of  the  Allouez  Mine 
for  July,  1876,  are  given  below  : 

Railroad  Expenses. 

13  Engineers, $60.00 

11  Firemen, 45.00 

13  Brakemen, 45.00     ' 
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The  following  table  gives  the  cost  of  the  mine  railroad  per  ton  of 
rock  hoisted  and  stamped  at  the  Allouez  Mine,  for  July  and  August, 
1876: 


Mine  Railroad  Expenses  at  the  Allouez  Mine, 
July,  1876. 


Number  of  Days'  Work 
PER  TON  Rock, 

Cost  per  ton  of  Eock. 

Engineer, 

Brakeman, 

Fireman, 

Trackman, 

Supplies  Used, 

Hoisted. 
0.0039 
0.0039 
0.0039 
0.0207 

Milled. 
0.0054 
0.0054 
0.0054 

0.0287 

Hoisted. 

60.0089 
0.0059 
0.0070 
0.0262 
0.0213 

Milled. 
$0.0123 
0.0082 
0.0097 
0.0363 
0.0295 

Total, 

0.0324 

0.0449 

$0.0693 

$0.0960 

August,  1876. 

Number  of  Days'  Work 
PER  TON  Rock. 

Cost  per  ton  of  Rock. 

Engineer, 

Brakeman, 

Fireman, 

Trackman, 

Supplies  Used, 

Hoisted. 
0.0042 
0.0037 
0.0042 
0.0037 

MilKd.  ■ 

0.0057 

0.0050 

0.0057 

0.0050 

Hoisted. 

§0.0092 
0.0061 
0.0069 
0.0051 
0.0219 

Milled. 

§0.0126 
0.0083 
0.0094 
0.0070 
0.0299 

Total, 

0.0158 

0.0214 

§0.0492 

§0.0671 

The  cost  of  breaking  and  tramming  at  the  Central,  where  the 
mine  and  mill  are  close  together,  was,  in  1875,  |0.15  per  ton,  and  in 
1877,  was  $0.14.  The  following  tables  give  tlie  expenses  of  the 
stamp-mill  of  the  Allouez  Mine  for  July  and  August,  1876.* 


*  See  also  the  Metallurgical  Review,  vol.  ii,  p.  298. 
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Alxouez  Stamp  Mill  Expense — Labor  A'sd  Supplies. 
July,  1876. 


Number  op  Days'  Work 
PER  TON  Rock. 

Cost  per  ton  of  Rock. 

Hoisted. 

Milled. 

Hoisted. 

Milkd. 

Machinist, 

0.0096 

0.0133 

$0.0242 

$0.0335 

Ensfineers, 

0.0087 

0.0120 

0.0156 

0.0217 

Firemen 

0.0164 

0.0227 

0.0273 

0.0379 

Head  Runners, 

0.0082 

0.0113 

0.0101 

0.0140 

Stamp  Feeders, 

0.0265 

0.0367 

0.0383 

0.0530 

Dressers, 

0.0655 

0.0906 

0.0783 

0.1082 

Cooper  and  Blacksmitli,    .     .     . 

0.0038 

0.0053 

0.0091 

0.0125 

Watcliman, 

0.0043 

0.0060 

0.0073 

0.0101 

Carpenters, 

0.0053 

0.0073 

0.0088 

0.0122 

Supplies  Used, 

0.3624 

0.5016 

Total, 

0.1483 

0.2052 

$0.5814 

$0.8047 

August,  1876. 

Number  of 

Days'  Work 

Cost  per  ton  of  Rock.    I 

PER  T0> 

t  Rock. 

Hoisted. 

Willed. 

Hoisted. 

Milled. 

Machinist, 

0.0093 

0.0127 

§0.0237 

$0.0323 

Ensrineers, 

0.0084 

0.0114 

0.0161 

0.0220 

Firemen, 

0.0165 

0.0225 

0.0278 

0.0379 

Head  Runners, 

0.0084 

0.0114 

0.0107 

0.0146 

Stamp  Feeders, 

0.0269 

0.0367 

0.03S6 

0.0527 

Dressers, 

0.0697 

0.0951 

0.0804 

0.1097 

Cooper  and  Blacksmitli,    .     .     . 

0.0042 

0.0057 

0.00S9 

0.0121 

Watchman, 

0.0042 

0.0057 

0.0068 

0.0093 

Carpenters 

Supplies  Used, 

0.3192 

0.4354 

Total, 

0.1476 

0.2012 

§0.5322 

$0.7262 

Allouez  Mine. 


July,  1S76. 

August,  1876. 

Tons  of  rock  stamped  per  cord  of  wood,    . 

6.47 

7.47 

Cost  of  stamping  ton  of  rock, 

$0.8047 

$0,726 

Average  yield  of  rock  stamped  in  ingct,    , 

1.819  per  cent. 

1.685  per  cent. 

Averag'e  yield  of  rock  hoisted  in  ingot, 

1.31 

1.24 

Number  of  tons  of  rock  hoisted,    .... 

7006 

7237 

Number  of  tons  of  rock  stamped,  .... 

5062 

5330 

Average  cost  of  milling  one  ton  of  rock,  from  July  1st,  1875,  to  July  1st,  1876, 
$1.0843. 

Average  cost  of  mining  one  ton  of  rock,  delivered  in  rock-house,  during  same 
period,  $2,744. 

Average  cost  of  one  ton  of  rock,  including  smelting,  $6,013. 
VOL.  VI. — 20 
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The  stamps  at  the  Central  Mine  are  of  the  Cornish  patterns.     The 
table  below  gives  some  details  regarding  them  : 


Number  of  days  run, 

Number  of  stamp-heads  run,  . 
Number  of  tons  of  rock  stamped  per  head  in 
twenty-four  hours,  ..... 
Yield  of  the  rock  in  mineral, 
Yield  of  the  mineral  in  copper, 
Number  of  tons  stamped  per  cord  of  wood,    . 
Cost  per  ton  of  rock  stamped, 


The  three  following  tables  relate  to  the  expenses  of  the  Atlantic 
Mine : 

Atlantic  Mine. 


1875. 

1877. 

91 

108 

32 

29 

5  87 

5.45 

3.78  per  cent. 

4.21  per  cent 

70.08       " 

71.39       " 

10.27 

10.45 

$0.87 

$0.83 

1875. 

1876. 

1877. 

Number  of  tons  of  mineral  per  month,    .     . 

105 

Ill 

120 

Percentage  yield  of  the  mineral,     .... 

68.85 

71.32 

Yield  of  the  mineral  per  ton  of  rock,      .     . 

27  lbs. 

27.56  lbs. 

27.3  lbs. 

Number  of  lbs.  of  ingot  copper,      .... 

1,565,000 

1,835,041 

2,054,304 

Number  of  cu.  fathoms  worked  per  man,     . 

17.8* 

19.67 

20.14 

Cost  per  fathom, 

$55.48t 
316 

$52.47 

$45.62 

Number  of  men  and  officers, 

333 

352 

Expense  per  Cubic  Fathom  of  Ground  Mined  at  the  Atlantic  Mine. 


187-1. 

1875. 

1876. 

1877. 

Total  running  expenses  and  marketing,   .     .     . 
Construction  expenses, 

$62.62 

$61.61 
6.13 

$53.10 
.83 

$47.46 
1.84 

Net  expenses  of  mining  and  marketing,    .     .     . 

$62.62 

$55.48 

$52.27 

$45.62 

Eatio  of  running  expenses  and  cost  of  smelting  and  marketing,  per 
ton  of  rock  stamped,  at  the  Atlantic  Mine : 

1874.  1875.  1876.  1877. 

Smelting  and  marketing,          .         .         .    $0.59  $0.56  $0.56  $0.49 

Stamping, 1.00  .88  .67  .         .58 

Mine  railroad, 16  .15  .12  .117 

Mining,  breaking,  hauling,  and  officers,  .      2  34  2.31  2.19  1.883 


Total, 


$4.09        $3.90        $3.54        $3.07 


*  In  1874,  15.7. 


t  In  1874,  $62  62. 
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It  is  interesting  to  notice  the  continual  decrease  in  the  cost  at  this 
mine.  The  value  of  a  ton  of  the  rock  for  1874  and  1875  was  $4.39. 
The  mine  is  working  two  shafts,  each  of  which  has  its  own  rock- 
house.  The  copper  from  a  ton  of  rock,  barrelled  and  ready  for 
delivery,  costs  88  cents.  This  includes  the  cost  of  mining  and  all 
outside  expenses  of  every  kind.  The  following  tables  give  the  sur- 
face expenses,  the  construction  account,  the  miscellaneous  exjDenses, 
the  cost  of  mining,  milling,  and  the  cost  of  transporting  to  the  smelt- 
ing works,  and  smelting  at  the  Allouez  Mine,  for  July  and  August, 

1876 : 

Surface  Expenses  at  the  Allouez  Mine. 

July,  1876. 


Surface  Captain, .     .     . 
Teamsters  and  Laborers, 
Blacksmith,     .... 
Watchman,      .... 

Carpenter, 

Mason, 

Supplies  Used,     .     .     . 


Total, . 


Number  of  Days'  Work 
PER  TON  Rock. 


Hoisted. 
0.0038 
0.0698 
0.0019 
0.0048 
0.0058 


0.0861 


Milled. 
0.0053 
0.0966 
0.0026 
0.0066 
0.0080 


0.1191 


Cost  per  ton  of  Eock. 


Hoisted. 

§0.0143 
0.1091 
0.0043 
0.0068 
0.0090 

0.0368 


$0.1803 


Milled. 

10.0198 
0.1510 
0.0059 
0.0094 
0.0125 

0.0509 


$0.2495 


August,  1876. 


Surface  Captain,  .     ,     . 
Teamsters  and  Laborei-s, 
Blacksmith,     .... 
Watchman,      .... 

Carpenter, 

Mason, 

Supplies  Used,     .     .     . 

Total, 


Number  of  Days'  Work 
PER  ton  Eock. 


Hoisted. 
0.0037 
0.0678 
0.0019 
0.0046 
0.0037 
0.0037 


0.0824 


Milled. 
0.0050 
0.0925 
0.0026 
0.0063 
0.0050 
0.0050 


0.1164 


Cost  per  ton  of  Rock. 


Hoisted. 

§0.0137 
0.1011 
0.0049 
0.0066 
0.0050 
0.0090 
0.0592 


$0.1996 


Milled. 
$0.0187 
0.1380 
0.0067 
0.0090 
0.0068 
0.0123 
0.0808 


$0.2723 


CONSTKUCTION   ACCOUNT   AT   THE   AlLOUEZ   MiNE. 

July,  1876. 


Number  of  Days'  Work 
PER  ton  Eock. 

Cost  pee  ton  cf  Eock. 

Carpenters  and  Masons  on  new 
house, 

Laborers  at   addition    to  stamp 
mill, 

Carpenters, 

Lumber  and   Supplies  for  con- 
struction of  clerks'  house,  .     . 

Hoisted. 
0.0154 

Milled. 
0.0213 

Hoisted. 
$0.2459 

Milled. 
$0.3403 

Total, 

1                    ' 

0.0154 

0.0213 

$0.2459 

$0.3403 
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August,  1876. 


Carpenters  and  Masons  on  new 
house, 

Laborers  at  addition  to  stamp 
mill, 

Carpentei-s, 

Lumber  and  Supplies  for  con- 
struction of  clerks'  house,  .     . 

Total, 


Number  op  Days'  Work 
PER  TON  Rock. 


Hoisted. 


0.0148 
0.0260 


0.0408 


Milled. 


0.0202 
0.0355 


0.0557 


Cost  per  ton  of  Rock. 


Hoisted. 


§0.0195 
0.0510 

0.0768 


$0.1473 


Milled. 


$0.0266 
0.0696 

0.1048 


).2010 


Miscellaneous  Expenses  at  the  Allouez  Mine. 
July,  1876. 


NuMBKR  OF  Days'  Wokk 
PER  TON  Rock. 

Cost  per  ton  of  Rock. 

Agents  and  Clerks, 

Insurance  (monthly),    .... 

Discount, 

Taxes  (monthly), 

Assay, 

Hoisted. 
0.0116 

Milled. 

0.0161 

Hoisted. 
$0.0761 
0.0214 
0.0040 
0.0571 
0.0027 
0.0102 

0.0092 

Milled. 
$0.1054 
0.0296 
0.0055 
0.0790 
0.0038 
0.0141 

0.0127 

Expense  in  suit, 

Trayelling  expenses,     .... 
Supplies  used, 

Commission  subtracted,  . 

$0.1807 
0.0121 

$0.2501 

0.0107 

Total, 

0.0116 

0.0161        $0.1686 

$0.2333 

August,  1876. 

KuMBKR  OF  Days'  Work 
PER  TON  Rock. 

Cost  per  ton  of  Rock. 

Agents  and  Clerks, 

Insurance  (monthly),    .... 

Discount, 

Taxes  (monthly), 

Assay, 

Hoisted. 
0.0111 

Milled. 
0.0151 

Hoisted. 

$0.0733 
0.0206 
0.0039 
0.0550 

0.0245 
0.0034 

Milled. 

$0.1000 
0.0281 
0.0053 
0.0750 

0.0334 
0.0046 

Expense  in  suit, 

Travelling  expenses,     .... 
Supplies  used, 

Commission  subtracted,  . 

$0.1807 
0.0116 

$0.2466 
■    0.0158 

Total, 

0.0111 

0.0151 

$0.1691 

$6.2307 
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Total  Cost  or  Mining  and  Milling  at  the 

July,  1876. 


Allouez  Mine. 
August,  1876. 


Cost  per  ton  of  Rock. 

Cost  per  ton  of  Rock. 

Total  Mining  Cost,  ..... 

Hoisting  Expense, 

Assorting  and  Selecting,  .     .     . 

Surface  Expenses, 

Eailroad  Expense, 

Mineral  and  Copper  Expense,  . 
Miscellaneous  Expenses,  .     .     . 
Stamp  Mill  Expenses,      .     .     . 
Construction  Account,      .     .     . 

Total  Expenditures,  .     .     . 

Eeceived   for  Teaming  Wood, 

Rents  and  Sundries,      .     .     . 

Hoisted. 
12.0395 

0.2098 

0.2911 

0.1803 

0.0693 

0.0268 

0.1686 

0.5814 

0.2459 

Milled. 

$2.8227 

0.2904 
0.4029 
0.2495 
0.0960 
0.0371 
0.2333 
0.8047 
0.3403 

Hoisted. 
$2.0571 

0.2371 

0.2951 

0.1990 

0.0492 

0.0285 

0.1691 

0.5322 

0.1473 

Milled. 

$2.8070 

0.3235 
0.4027 
0.2723 
0.0671 
0.0389 
0.2307 
0.7262 
0.2010 

.$3.8128 
0.1013 

$5.2770 
0.1402 

$3.7152 
0.1141 

$5.0696 
0.1557 

Total, 

$3.7115 

$5.1308 

$3.6011 

$4.9139 

MiNEKAL   AND    CoPPER    EXPENSE   AT   THE   AlLOUEZ   MiNE. 

July,  1876.  August,  1876. 


Cost  per  ton  of  Rock. 

Cost  per  ton  of  Rock. 

Hoisted. 

Milled. 

Hoisttd. 

Milled. 

Mineral  Range  R.  R.  Co.,  for 

Transportation  of  Mineral,     . 

$0.0230 

$0.0318 

$0.0240 

$0.0327 

Detroit  and  Lake  Superior  Cop- 

per Co. — "  Coopering,"      .     . 

0.0038 

0.0053 

0.0045 

0.0061 

Total, 

$0.0268 

$0.0371 

$0.0285 

$0.0389 

The  whole  number  of  men  in  the  employ  of  the  Allouez  company 
was  in  July,  1876,  396,  and  in  August,  417.  The  following  table, 
giving  the  details  of  the  Quincy  Mine  for  eight  years,  is  taken  from 
the  Hancock  Journal,  of  March,  1878, 
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The  dressing  of  these  ores  has  been  fully  treated  in  the  second  vol- 
ume of  the  Metallurgical  Review. 

The  great  bane  of  mining  in  Lake  Superior  is  surface  improvements. 
Many  of  the  mines  owe  their  want  of  prosperity  or  even  their  fiilure 
to  this  cause  alone.  ]\loney  which  should  have  been  put  into  the 
mine  has  been  spent  on  the  surface.  The  stockholders  consequently 
often  find  themselves  in  serious  difficulty,  and  sometimes  with  no  work- 
able mine  and  no  capital.  In  most  cases,  if  the  surface  improvements 
had  been  temporarily  dispensed  with,  and  the  money  spent  in  the  mine, 
it  would  in  time  have  paid  for  what  was  done  at  the  surface.  Lake 
Superior  is  not  the  only  mining  country  where  this  has  happened,  but 
much  of  the  failure  charged  to  other  causes  is  due  to  this  alone. 
When,  however,  it  is  taken  into  consideration,  that  this  country  was 
settled  as  the  result  of  wild  speculation,  that  mines  were  opened 
without  sufficient  exjjloration,  and  then  abandoned  without  any 
real  development,  and,  in  some  instances,  before  it  could  be  known 
whether  there  was  value  in  the  property  or  not,  it  is  scarcely  to  be 
wondered  at  that  capital  did,  for  a  time,  shun  Lake  Superior  alto- 
gether. Some  of  the  best  examples,  however,  both  of  mining  and  mil- 
ling, as  well  as  of  management,  can  be  found  in  the  copper  regions 
of  Lake  Superior.  Very  striking  examples  of  the  extremes,  both  of 
success  and  of  failure,  make  marked  contrasts  with  each  other  in  dif- 
ferent parts  of  the  Lake.  The  half-ruined  town  of  Rockland  and  the 
very  quiet  city  of  Ontonagon  would  hardly  lead  one  to  suspect  their 
former  activity  and  wealth,  while  the  villages  of  Calumet  and  Red 
Jacket  are  notable  examples  of  prosperity  and  of  the  enlightened 
and  liberal  policy  of  the  directors  of  the  Calumet  &  Hecla  mines. 
There  is  notliing  which  foresight  and  an  enlightened  philanthropy 
could  suggest  but  has  been  here  carried  into  effect  for  the  benefit  of 
the  mining  population. 

On  the  whole.  Lake  Superior  cannot  be  said  to  be  a  prosperous 
mining  country.  Capital,  which  was  tending  towards  it,  was  par- 
alyzed by  the  panic  of  1873,  and  some  rude  examples  of  want  of 
capacity,  or  want  of  honesty,  together  with  the  fall  in  the  price  of  cop- 
per from  $0.26  in  October,  1873,  to  $0.17f ,  October,  1877,*  have  not 
tended  to  attract  it  there.  The  difficult}^  of  the  region  does  not  lie 
in  the  want  of  copper,  for  there  is  an  abundance  of  it,  nor  in  mining, 
for,  in  general,  it  is  skilfully  done,  but  in  the  dressing.  Tlie  follow- 
ing assays  of  tailings  from  the  washers,  yielding  the  different  grades 

*  The  price,  while  this  article  is  passing  through  the  press,  is  .?0.15^  to  $0.15|. 
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of  copper,  I   made  in  the  winter  of  1875-6.     The  samples   were 
taken  from  a  mill  whose  ore  yielded  less  than  two  per  cent. 

Yield  in  copper. 

Tails  from  Nos.  2  and  3,  copper,    ....     1.325  per  cent. 

"  Nos.  2,  3,  and  4,  copper,        .         .         .     1.210         " 

"  Nos.  3  and  4,  "       .         .         .         .     1.030        " 

"  No.  5,  copper,        .....     1.360         " 

ISIuch  of  this  copper  is  attached  to  small  pieces  of  rock  and  is  car- 
ried off  with  it.  This  has  led  to  restamping  the  tails,  as  is  done  in 
the  Calumet  &  Hecla ;  this  produces  other  rich  tails,  and  a  large 
loss  in  float  copper.  If  the  price  of  copper  should  ever  rise,  or  even 
if  at  the  present  time  any  one  could  or  would  take  the  time  and 
make  the  experiments  to  solve  this  problem,  he  would  be  a  benefactor 
to  the  country.  Every  one  now  is  working  in  the  same  way ;  the 
type  of  one  mill  is  the  type  of  them  all ;  they  differ  only  in  the 
intelligence  of  their  management.  A  new  element  will  have  to  be 
introduced  before  the  losses  decrease,  and  should  the  price  of  copper 
fall  lower,  or  even  remain  as  it  is,  the  outlook  for  the  country  is 
gloomy. 

In  conclusion,  I  beg  to  express  my  thanks  to  the  officers  of  the 
Allouez  Mine,  who  have  allowed  me  to  publish  a  large  amount  of  in- 
formation gained  in  an  official  examination  of  that  mine ;  to  Captain 
Parnell,  of  the  Phoenix,  for  great  courtesy  in  giving  information, 
both  at  the  mine,  and  since  by  letter ;  and  to  Captain  Eobert,  of  the 
Atlantic  Mine,  for  a  rough  sketch  of  the  mine  skip. 
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THE  MECHANICAL  WORK  PEBFOBMED  IN  HEATING 
THE  BLAST. 

BY  PROF.    B.    Vr.    FRAZIER,   LEHIGH  UNIVERSITY,   BETHLEHEM,   PA. 

(Read  at  tbe  Wilkes-Barre  Meeting,  May,  1877.) 

This  interesting  application  of  the  laws  of  thermodynamics  to 
metallurgical  practice  has  not  been  discussed  by  any  writer,  within 
my  reading,  except  the  late  Prof.  Gallon  of  Paris.  In  his  Cours 
de  Machines,*  Prof.  Gallon  has  given  a  short  but  lucid  discussion 
of  this  subject  in  the  admirably  clear  style  for  which  he  was  re- 
markable. Although  the  interest  attached  to  the  subject  is  rather 
theoretical  than  practical,  I  have  thought  that  an  attempt  to  explain 
the  mechanical  action  exerted  in  the  hot-blast  oven  might  not  be 
entirely  devoid  of  utility,  especially  in  the  suggestions  which  it 
involves. 

The  statement,  that  the  mechanical  work  performed  in  heating 
the  blast  is,  when  high  temperatures  are  produced,  considerably 
greater  than  the  work  performed  by  the  blowing-engine,  may  seem 
incredible  to  many  who  are  practically  acquainted  with  the  subject, 
appearing,  as  it  does,  to  conflict  with  the  results  of  their  experience. 

It  is,  nevertheless,  literally  true,  and  I  shall  attempt  in  this  paper 
to  prove  it,  and  to  explain  why  it  has  not  rendered  itself  palpably 
manifest  in  practice. 

Before  proceeding  to  the  mathematical  demonstration,  it  will  be 
well  to  recall  to  mind  the  definitions  of  some  terms  employed  by 
writers  in  mechanics  and  thermodynamics. 

The  actual  energy  of  a  moving  body,  as  defined  by  Rankine,  is 
the  work  which  it  is  capable  of  performing  against  a  retarding  re- 
sistance before  being  brought  to  rest,  and  is  equal  to  the  energy 
which  must  be  exerted  on  the  body  to  bring  it  from  a  state  of  rest 
to  its  actual  velocity.  The  value  of  that  quantity  is  the  product  of 
the  weight  of  the  body  into  the  height  from  which  it  must  fall  to 
acquire  its  actual  velocity. 

*  Yol.  I,  chap.  X,  ?4,  p.  312. 
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It  is  expressed  algebraically  by  the  following  equation : 

in  which 

E  =  the  actual  energy  of  the  body, 

Q  =  its  weight, 

u  =  its  velocity, 

g    =  the  acceleration  of  gravity. 

The  intrinsic  energy  of  a  fluid,  according  to  the  same  author,  is 
the  energy  which  it  is  capable  of  exerting  against  a  piston,  in 
changing  from  a  given  state  as  to  temperature  and  volume  to  a 
state  of  total  privation  of  heat  and  indefinite  expansion.  In  the 
case  of  atmospheric  air,  which  may  be  considered  a  perfecc  gas,  the 
algebraic  expression  for  this  quantity  is 


Po^o 


T 


In  this  expression, 

I     =  the  intrinsic  energy  of  tlie  air. 

Pq  ==  the  normal  pressure  of  the  atmosphere. 

Vq  =  the  volume  of  a  given  weight  of  air,  when  its  pressure 

and  temperature  are  Po  and  T^  respectively. 
Tq  :=:  the  absolute  temperature  of  melting  ice. 
In  the  Centigrade  scale  T^  =  273°. 
In  the  Fahrenheit  scale  T^  =  493.2°. 
T  =  the  absolute  temperature  of  the  air.     The  value  of  this 

may  be  obtained  from   t,  the  temperature  as   recorded  by 

the  thermometer,  by  adding  to  it  the  absolute  temperature 

of  the  zero  of  the  scale. 
In  the  Centigrade  scale  the  absolute  temperature  of  the  zero 

of  the  scale  is  the  same  as  that  of  melting  ice,  i.  e.,  273°. 
T  =  273°  +  t. 
In  the  Fahrenheit  scale,  the  temperature  of  the  zero  of  the 

scale  is  32°  less  than  that  of  melting  ice. 
T  =  461°  +  t. 
y  =  the  ratio  between  the  specific  heat  of  air  at  constant 

pressure  and  that  at  constant  volume.      The  numerical 

value  of  T"  is  1.408. 
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The  relations  between  the  volume,  pressure,  and  absolute  tempera- 
ture of  air  are  expressed  by  the  following  equations: 

PoVq  _  Pi_Ii  ^  P2^  etc. 

T  r         T 

-■^o  -^1  ^2 

In  case  the  change  in  the  conditions  of  the  air  be  made  without 
accession  or  loss  of  heat,  the  following  equations  permit  the  determi- 
nation of  the  variation  in  any  one  of  these  quantities,  when  we  know 
the  corresponding  variation  in  either  of  the  others : 


^(^)  -Q} 


—  1 


y-l  y-l 

If,  during  the  change  in  the  conditions  of  the  air  one  of  these 
quantities  remains  constant,  the  following  equations  express  the  rela- 
tions existing  between  the  others  : 


If  Pi  =  Po  , 

Ti  V, 
To       V, 

If   Vj  =  V„    , 

Ti  P, 
To       P< 

IfTi-T„    , 

Pi    _  ^'c 

Po 

In  order  to  simplify  the  discussion,  I  shall  make  the  following 
assumptions : 

1st.  The  absolute  temperature  of  the  air  drawn  into  the  blowing 
cylinder  is  Tq,  and  its  pressure  is  p^. 

2d.  The  blast  loses  no  heat  during  its  compression  and  its  passage 
from  the  blowing  cylinder  to  the  hot-blast,  oven. 

3d.  The  back  pressure  before  the  tuyeres  is  equal  to  the  atmos- 
pheric pressure,  Po  ;  that  is,  we  will  neglect  the  excess  of  pressure 
over  that  of  the  external  atmosphere  which  always  exists  in  the 
hearth  of  a  blastfurnace  while  the  blast  is  on. 

4th.  We  will  neglect  all  losses  of  pressure  due  to  the  friction  of 
the  air  in  the  pipes,  also  to  bends,  sudden  changes  of  section  and 
leaks  in  the  pipes,  as  well  as  the  loss  of  pressure  corresponding  to 
the  amount  which  is  absorbed  in  producing  the  velocity  of  flow  of 
the  air  through  the  pipes. 
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5th.  In  issuing  from  the  nozzles  of  the  blast  pipes,  the  air  is  sup- 
posed to  be  first  cooled  to  the  full  extent  by  its  expansion  before  its 
temperature  is  again  raised  by  the  heat  developed  and  stored  in  the 
hearth  of  the  furnace. 

The  assumptions  thus  made  would  involve  serious  inaccuracies, 
if  the  object  of  the  calculations  were  the  exact  determination  of  the 
quantity  of  blast  entering  a  given  furnace,  but  they  do  not  appre- 
ciably affect  the  general  results  which  it  is  the  object  of  this  dis- 
cussion to  obtain. 

The  whole  system  of  blowing,  heating,  and  conducting  apparatus 
for  the  blast,  from  the  piston  of  the  blowing  cylinder  to  the  nozzles 
of  the  blast  pipes,  may  be  considered  as  a  long  conduit  or  pipe  of 
varying  section,  at  one  end  of  which  the  air  is  compressed  and  pro- 
pelled forwards,  while  it  issues  at  the  other,  overcoming  the  resist- 
ance of  the  back  pressure  in  the  furnace,  and  carrying  with  it  a  cer- 
tain amount  of  actual  energy.  Let  us  examine  the  successive  changes 
to  which  it  is  subjected  in  its  passage.  We  take  air,  possessing  no 
actual  energy,  but  with  an  intrinsic  energy,  (lo),  corresponding  to 
its  temperature  (To).  A  certain  amount  of  work,  of  compression 
(Wc),  is  performed  upon  it.  This  work  is  entirely  converted  into 
heat,  and  is  absorbed  by  the  air  in  the  form  of  intrinsic  energy, 
which  is  thus  increased  to  Ij,  its  temperature  being  correspondingly 
raised  to  Tj.  The  air  is  then  propelled  forwards,  a  certain  amount 
of  work  of  propulsion,  (Wp),  being  performed  upon  it.  It  then 
passes  to  the  hot-blast  oven,  where  its  temperature  is  increased  to 
Tj,  its  intrinsic  energy  being  correspondingly  increased  to  I^,  and 
its  volume  to  \\;  its  pressure,  however,  remaining  unaltered,  L  e. 
Pj.  By  its  dilatation  from  Vj  to  v^  at  constant  pressure,  a  certain 
amount  of  work,  of  dilatation,  {W^),  is  performed  upon  it.  It  is 
then  conducted  to  the  nozzles  of  the  blast-pipes,  wiiere,  in  passing 
from  the  pressure  i\  to  po,  it  performs  a  work,  of  expansion,  (Wc)- 
This  work  is  performed  at  the  expense  of  the  intrinsic  energy  of  the 
air,  which  becomes  dimitiished  to  I3,  its  temperature  being  corre- 
spondingly reduced  to  T3.  This  work  of  expansion  is,  however, 
performed  upon  no  external  object,  but  is  entirely  absorbed  in  in- 
creasing the  actual  energy  of  the  air  itself.  In  passing  out  at  the 
nozzles  the. air  must  overcome  the  resistance  offered  to  its  exit  by 
the  back  pressure  (po) ;  it  thereby  performs  a  certain  amount  of 
work,  (Wb).  It  finally  leaves  the  blast-pipe  possessed  of  a  certain 
amount  of  actual  energy  (E),  and  of  intrinsic  energy  (I3). 

In  accordance  with  the  fundamental  physical  law  that  energy  can 
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neither  be  created  nor  destroyed,  if  to  the  original  intrinsic  energy  of 
the  air. we  add  all  accessions  of  intrinsic  energy  which  it  receives 
from  external  sources,  and  all  work  performed  upon  it  (besides  that 
which  is  absorbed  in  changing  its  intrinsic  energy),  the  sum  thus 
obtained  must  be  equal  to  the  sura  of  all  work  performed  upon,  and 
energy  imparted  to,  external  objects  by  the  air,  and  of  the  energy, 
both  actual  and  intrinsic,  which  it  retains  when  it  issues  from  the 
blast-pipes.  This  is  expressed  algebraically  by  the  following 
equation  : 

Io+(Ii-Io)  + Wp  +  (I,-Ii)  +  W,  =Wb  +I3  +  E.  (1.) 

The  work  of  compression,  (Wc),  does  not  appear  in  this  equation, 
because  it  is  entirely  absorbed  in  the  increase  of  the  intrinsic  energy 
of  the  air  from  I^  to  Ij.  The  amount  of  energy  corresponding  to 
this  work  is  represented  in  the  equation  by  the  term,  (Ij-I^). 

For  a  similar  reason  the  loss  in  intrinsic  energy  which  the  air 
suffers  in  expanding  (I^-Ig),  and  the  work  which  measures  it  (W  ), 
do  not  appear  in  the  equation  as  distinct  and  separate  terms, 
because  the  intrinsic  energy  thus  lost  is  entirely  converted  into  the 
work  (Wg),  and  this  work  is  entirely  absorbed  in  increasing  the 
actual  energy  of  the  air,  as  before  explained.  These  two  terms 
represent,  therefore,  the  same  amount  of  energy  which  is  really  in- 
cluded in  the  term  E,  of  the  value  of  which  it  constitutes  a  part. 

By  cancelling  and  transposing,  equation  (1)  may  be  converted 
into  the  following  simpler  form  : 

E  =  ( I,  -  I3 )  4.  ( Wp  +  Wd  -  Wb  )  .  (2. ) 

The  actual  energy  of  the  jets  of  blast,  issuing  from  the  nozzles  of 
the  blast-pipes,  is  thus  seen  to  be  equal  to  the  loss  of  intrinsic  energy 
of  the  air  in  passing  from  the  pressure  (pj)  and  the  temperature  (T^) 
to  the  pressure  (po)  and  the  temperature  (T3),  increased  by  the  excess 
of  the  sum  of  the  work  of  propulsion  and  of  dilatation  performed 
upon  the  air,  over  the  work  performed  by  it  in  overcoming  the 
back  pressure  in  the  furnace.  This  actual  energy  is  evidently  de- 
rived from  two  sources  and  from  only  two,  viz. :  from  the  blowing- 
engine  and  from  the  hot-blast  oven.  In  order  to  compare  the 
amount  of  energy  received  from  these  two  sources,  we  may  arrange 
the  second  member  of  equation  (2)  in  two  groups  of -terms  which 
shall  represent  these  amounts  respectively. 

To  do  this,  let  us  find  the  expression  for  the  energy  of  the  jets  of 
blast  under  conditions  exactly  similar  to  the  above,  except  that  the 
blast  is  not  heated.     It  is  evident  that  the  expression  thus  obtained 
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will  be  an  exact  measure  of  the  energy  received  from  the  blowing- 
engine,  and  consequently  of  the  work  performed  by  it.  We  can 
obtain  this  expression  readily  from  equation  (1),  by  suppressing  or 
modifying  all  terms  which  are  affected  by  the  heating  of  the  blast. 
It  thus  becomes 

lo  +  (Ii  -  lo)  +  Wp  =:  W\  +W  +  I„.  (3.) 

From  this  we  obtain 

E^^(Ii-IJ  +  Wp-W^b.  (4.) 

This  represents  the  work  performed  by  the  blowing-engine.  To 
obtain  an  expression  for  the  actual  energy  received  from  the  hot- 
blast  oven,  or,  what  is  the  same  thing,  of  the  mechanical  work  per- 
formed in  the  oven,  we  must  subtract  equation  (4)  from  equation  (2), 

E  -  E^  =  (I,-  Ii)  -  (T3  -  IJ  +  Wa-  (Wb-  W^).  (5.) 

This  expression  for  the  actual  energy  received  from  the  hot-blast 
oven  we  find  to  be  composed  of  four  terms,  two  of  which  are  positive 
and  two  negative:  Of  the  positive  terms,  (I^-Ii)  represents  the  in- 
crease of  the  intrinsic  energy  of  the  air  in  consequence  of  its  heat- 
ing, Wd  represents  the  work  of  dilatation.  Of  the  two  negative 
terms,  (I^-Iq)  represents  the  increase  of  the  final  intrinsic  energy  of 
the  air  as  it  leaves  the  blast-pipes,  and  (Wt  —  W'b)  represents  the 
increase  in  the  work  of  overcoming  the  back  pressure  which  the  air 
has  to  perform,  owing  to  the  increased  velocity  of  the  air  due  to  its 
heating. 

We  can  now  arrange  the  second  member  of  equation  (2)  as  we 
proposed,  so  that  the  first  group  of  terms  shall  represent  the  work 
of  the  blowing-engine  and  the  second  that  of  the  hot-blast  oven. 

E=    {(I.-Io)  +  W,-W'.)}+{(I,-I,)^+W^-^J.-I.)}.  ^^^ 

We  can  readily  obtain  expressions  for  the  values  of  the  different 
terms  of  this  equation, 

T  Po'^'o 


('.-■o'-SC-^°) 


T   —  I^°   ^i  —  M5   ^ 
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T. T 

■^  o 
W^  ^  PoVo    . 

T3  T, 


(W' 

b  "" 

-y( 

'•>) 

=  Po^o  ^ 

Wp 

= 

Pi^': 

1  = 

=  Po"^oTr- 

E  = 

Q 

U2 

Substituting  these  values  in  equation  (6)  we  obtain 

By  successive  simplifications  we  obtain, 
^''        I    y  Ti  —  T„  \    ,    /    7.  /Tz  —  T,       T,  -  TA  ") 

^2^=^  l^P°^°^r^/+ 1^p°^'°V"t; ~-T--)i  '    (8-) 

u^  >  T,-T,  /  T,  -  TA 

We  can  now  compare  the  amounts  of  actual  energy  received  from, 
or  of  mechanical  work  performed  by,  the^  blowing-engine  and  the 
hot-blast  oven  respectively,  by  comparing  the  two  terms  within  the 

T  -T 
brackets  of  equation  (10),  viz. :  1  and  —l^— ^     It  is  evident  that  for 

high  values   of  T^,  or,  in   other  Avords,  when  the   blast  is   highly 

heated,  the  fraction  -tj^'  is  greater  than   unity.     In  this  case  the 

effective  mechanical  work  of  tlie  hot-blast  oven  is  greater  than  that 
of  the  blowing-engine. 

This  fact  may  be  made  more  striking  by  a  few  numerical  ex- 
amples. To  utilize  equation  (10)  for  this  purpose,  it  will  be  neces- 
sary to  know  the  values  of  Tj  (the  absolute  temperature  which  the 
air  acquires  in  its  compression)  for  different  values  of  pj .  The  re- 
lation  between   these  quantities   may  be  readily  obtained  from  the 
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equation  representing  the  variation  of  temperature  with   pressure 
which  Ave  ha\^e  ah-eady  given,  viz.: 


To     Vro/ 


By   means   of  this  equation  the  following  table    has   been  cal- 
culated : 


Vo 

Pi— Po 

Ti 
To 

T: 

T-T, 

Po 

1.1 

1.2 
1.5 

2. 

0.1 
0.2 
05 
1. 

1.028 
1.054 
1.125 
1.223 

280.6°  C. 
287.7° 
307  1° 
333.9° 

7.6°  C. 
14.7° 
34.1° 
60.9° 

Let  us  assume  that  the  blast  has  a  pressure  of  about  7^  lbs.  per 
square  inch. 


Pi—  Po 


Pi 


is  then  equal  to  0.5  and  -  to  1.5. 

Po  ^  Po 

The  corresponding  value  of  Tj  is  307.1°  C,  the  temperature  of 
the  blast  being  raised  34.1*^  C.  by  the  compression. 

If  under  these  circumstances   the   blast   be  heated   to  341°   C, 
(646°  F.), 

T2  =  341° +  273°  =  614°, 
T.       ^  T,-T,       ^ 


or  the  work  of  the  hot-blast  oven  Avill  be  equal  to  that  of  the  blow- 
ing-engine. 

If  the  blast  be  heated  to  495°  C.  (923°  F.), 


495°  +  273°  =  768= 


Tx 


:  2.5. 


Tx 


=  1.5, 


or  the  work  of  the  hot-blast  oven  will  be  one  and  a  half  times  that 
of  the  blowing-engine. 

If  the  blast  be  heated  to  648°  C.  (1198°  F.), 

Tj  =  648°  +  273°  =  921°, 
'h       ,  T,  -  T,       „ 
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or  the  work  of  the  hot-blast  oven  will  be  twice  that  of  the  blowing- 
engine. 

If  the  blast  be  heated  to  802°  C.  (1476°  F.), 

T,  T,  —  Tj 

rp    ^5i  rp  =  -^2! 

or  the  work  of  the  hot-blast  oven  will  be  two  and  a  half  times  that 
of  the  blowing-engine. 

If  a  blowing-engine  be  required  to  furnish  5000  cubic  feet  of  air 
per  minute,  at  a  pressure  of  about  7 J  lbs.  per  square  inch,  and  if 
the  blast  be  heated  in  lire-brick  ovens  to  800°  C,  the  rate  of  the 
effective  work  of  the  engine  will  be  about  135  H.  P.,  while  that  of 
the  oven  will  be  about  337  H.  P. 

The  relative  magnitudes  of  the  different  amounts  of  energy, 
represented  by  the  terms  of  equation  (6),  can  be  best  shown  by  a 
diagram,  constructed  in  the  ordinary  manner,  by  laying  off  the 
volumes  as  abscissas  and  the  pressures  as  ordiuates.  I  have  con- 
structed such  a  diagram  for  the  case  just  chosen,  viz. :  5000  cubic 
feet  of  air  per  minute  subjected  to  a  pressure  of  7|-  lbs.  per  square 
inch  and  heated  to  800°  C. 

Referring  to  equation  (6),  we  find  the  terms  of  its  second  member 
divided  into  two  groups,  representing  respectively  the  amounts  of 
actual  energy  which  the  blast  derives  from  the  blowing-engine  and 
from  the  hot-blast  oven.  Commencing  with  the  first  group,  or  that 
representiug  the  amount  of  energy  derived  from  the  blowing-engine, 
we  find  it  to  be  composed  of  the  three  terras,  (1^-1^),  Wp,  and  — W\. 
The  first  of  these  (Ij-Ip),  represents  the  increase  of  intrinsic  energy 
which  the  air  receives  during  its  compression,  or  the  amount  of 
work  which  is  converted  into  heat  during  the  compression,  and 
which  again  appears  as  work  during  the  expansion  of  the  air  as  it 
leaves  the  blast-pi{)es.  This  quantity  of  energy  is  represented  by 
the  area  \\  a  b  v,,  Vj.     (See  diagram  on  p.  323.) 

The  second  term,  Wp,  represents  the  work  of  propulsion  per- 
formed in  the  blowing-engine.  This  is  represented  on  the  diagram 
by  the  area  o  p,  a  v^  o. 

The  third  terra,  — Wb,  represents  the  work  perforraed  by  the  air 
in  overcoming  the  back  pi^essure  in  the  furnace.  This  is  represented 
on  the  diagram  by  the  area  o  p^  b  v^  o. 

The  algebraic  sum  of  these  three  terms,  or  the  actual  energy 
which  the  blast  receives  from  the  blowing-engine,  must  be  repre- 
sented on  the  diagram  by  v^  a  b  Vo  Vj  -\-  o  pj  a  v^  o  —  o  p^  b  v^  o,  or  by 
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the  area  Pq  Pi  a  b  pg.  This  area  is  precisely  that  of  an  indicator 
diagram  taken  from  the  blowing-cylinder,  neglecting  the  disturb- 
ances introduced  by  the  lifting  of  the  valves,  the  dead  space,  etc. 

In  considering  the  second  group  of  terms,  or  that  representing  the 
amount  of  actual  energy  which  the  blast  receives  from  the  hot- 
blast  oven,  it  will  be  more  convenient  to  rearrange  the  terms  to 
avoid  the  introduction  of  indefinitely  prolonged  areas.  The  second 
group  of  terms  of  the  second  member  of  equation  (6)  is 

(i,-i,)  +  w, -(i3-ij-(Wb -W'o    . 
This  is  evidently  equal  to 

(I,-l3)-(Ti-IJ  +  Wd  -(Wb  -W'b)     . 

The  first  of  these  new  terms  (Ij-Ig),  represents  the  amount  of 
heat  which  is  converted  into  work  during  the  expansion  of  the 
blast  as  it  leaves  the  blast-pipes.  This  is  represented  on  the  dia- 
gram by  the  area  v^  c  d  Vj  v^. 

The  second  term,  — (I^— !„),  represents  the  amount  of  heat  con- 
verted into  work  during  the  expansion  of  the  blast  when  it  is  not 
heated.  It  is  represented  on  the  diagram  by  the  area  \\  SLbv^v^,  as 
before  stated. 

The  difference  between  these  areas,  viz. : 

V2  c  d  V3  V2 — Vi  a  b  V(,  Vi, 

represents  the  gain  of  actual  energy  at  the  expense  of  intrinsic  energy, 
which  the  blast  acquires  in  consequence  of  its  being  heated,  or  the 
difference  between  the  amount  of  heat  which  is  converted  into  work 
when  the  blast  is  heated,  and  that  which  is  similarl}^  converted, 
when  it  is  not  heated. 

The  third  term,  W^,  represents  the  work  of  dilatation  of  the 
blast  which  its  heating  occasions.  This  is  represented  by  tiie  area 
Vj  a  c  v^  v^. 

The  fourth  term, — (Wb— W't, ),  represents  the  increase  in  the  work 
of  overcoming  the  back  pressure  in  the  furnace,  occasioned  by  the 
heating  of  the  blast.  This  is  represented  on  the  diagram  by  the 
difference  between  the  areas  op^dvgO,  and  op^bVgO,  or  by  the 
area  v,,  b  d  Vg  Vg. 

If  we  take  the  algebraic  sum  of  these  areas,  we  find  that  the  actual 
energy  which  the  blast  receives  from' the  hot-blast  oven -is  repre- 
sented on  the  diagram  by 

( Vi  a  c  V,  Vi  -I-  V,  c  d  V3  Vj)— (Vi  a  b  v^  \\  +  v^  b  d  Vj  vj, 

or  by  the  area  b  a  c  d  b. 
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The  total  actual  energy  of  the  blast  is  represented  by  the  sum  of 
the  two  areas  representing  respectively  the  two  groups  of  terras, 
i.  e.,  by 

Po  Pi  ^  ^^  Po  +  b  a  c  d  b, 

or  by  the  area  p^  pj  c  d  p^. 

It  is  easy  to  see  from  the  foregoing  what  becomes  of  the  mechani- 
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cal  work  performed  in  the  hot-blast  oven.     It  is  entirely  absorbed 
in  increasing  the  actual  energy  of  the  blast. 

The  question  may  be  asked,  "  How  is  it  possible  that  so  large  an 
amount  of  work  can  be  performed  in  the  hot-blast  oven  and  yet 
pass  unperceived,  so  as  apparently  to  produce  no  useful  effect?" 
The  best  manner  of  replying  to  this  objection  is  to  examine  into  the 
conditions   which   affect   the   weight,  the    pressure  and   the  actual 
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energy  of  the  blast,  and  the  work  of  the  blowing-engine  with  both 
cold  and  hot-blast. 

To  do  this,  let  us  assume  that  we  have  a  blast  furnace  at  our  dis- 
posal which  we  can  work  with  cold  or  with  hot-blast  at  our  pleasure, 
and  let  us  compare  the  working  of  the  blowing-engine  and  the  con- 
ditions of  the  blast  under  these  different  circumstances. 

The  mechanical  conditions  of  the  blast  which  it  is  important  to 
determine  are  the  weight  of  the  blast,  its  pressure  and  the  actual 
energy  of  the  jets  of  blast  as  they  enter  the  furnace.  The  means  at 
our  disposal  to  regulate  these  quantities  are  the  speed  of  the  engine, 
the  number  of  tuyeres,  the  dimensions  of  the  nozzles,  and  the  tem- 
perature of  the  blast.  We  cannot,  however,  cause  to  vary  at  our 
will  the  speed  of  the  engine  and  the  number  and  size  of  the  nozzles 
of  the  blast-pipes.  A  limit  to  the  variations  in  the  ratio  between 
the  first  and  the  product  of  the  two  last  of  these  quantities  is  im- 
posed by  the  amount  of  power  which  we  have  at  our  disposal  for 
driving  the  engine.  The  work  of  the  engine  is  therefore  another 
important  element  of  the  question  to  be  considered.  Our  task  will 
be,  then,  to  find  expressions  for  the  weight,  pressure  and  actual 
energy  of  the  blast  and  for  the  work  of  the  blowing-engine,  in 
terms  of  those  quantities  which  it  is  in  our  power  to  cause  to  vary 
within  certain  limits,  viz. :  the  speed  of  the  engine,  the  total  area 
offered  for  the  passage  of  the  blast  into  the  furnace,  and  the  tempera- 
ture of  the  blast. 

First,  in  case  the  blast  be  not  heated,  let 

Q'  =  the  weight  of  blast  driven  into  the  furnace  in  one  second. 

Pj'  =  the  pressure  to  which  it  is  compressed. 

d^'   z=z  the  weight  of  a  cubic  foot  of  air  at  p/  and  T/.* 

T/  =  the  absolute  temperature  of  the  blast  at  p/,  suppos- 
ing no  heat  to  have  been  transmitted  during  the  compres- 
sion, and  that  the  original  temperature  and  pressure  of 
the  blast  were  Tq  and  p^  respectively. 

Tq  =  the  absolute  temperature  of  melting  ice  =:  273°  C. 

pQ  =  the  normal  pressure  of  the  atmosphere. 

(5q   =  the  weight  of  a  cubic  foot  of  air  at  p^  and  T^. 

a    =  the  area  of  the  cross  section  of  the  blast-cylinder. 


*  Q^,  ])/,  J'l',  and  all  other  symbols  of  quiintities  which  vary  with  the  pressure 
of  the  blast,  represent  mean  values  of  their  respective  quantities.  Tiiere  is  no 
need  in  this  discussion  to  take  into  account  the  fluctuations  in  these  quantities, 
which  result  from  the  imperfect  manner  in  which  the  receiver  fulfils  its  func- 
tions as  regulator  of  the  pressure  of  the  blast. 
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1     =  the  length  of  stroke  of  the  piston  of  the  blast-cylinder, 
n'  =  the  number  of  revolutions  of  the  fly-wheel  shaft  per 

minute, 
k'  =  the  number  of  tuyeres  in  operation, 
d'  =  the  diameter  of  the  nozzle  of  each  blast-pipe  (we  suppose 

all  the  nozzles  in  use  at  one  time  to  be  of  the  same  size). 
m  =  coefficient   of    contraction   of  each  jet  of  blast,  as   it 

leaves  the  blast-pipe, 
u'  =  the  velocity  of  the  blast  issuing  from  the  blast-pipe, 
f '  =  a  coefficient,  expressing  the  ratio  between  the  volume 

of  air  actually  driven  into  the  furnace  reduced  to  Po  and 

Tq,  and  the  volume  engendered  by  the  piston. 
W  =  the  work  of  the  blowing-engine. 
E'  =  the  actual  energy  of  the  jets  of  blast. 

Secondly,  in  case  the  blast  be  heated,  let 

Q",  Pi",  ^",  Ti",  n",  k",  d",  u",  f",  W",  E"  represent  quan- 
tities corresponding  to  Q,',  p',  d/,  T/,  n',  k',  d',  u',  f,  W, 
and  E'  respectively. 

Further,  let 

T2  r=  the  absolute  temperature  to  which  the  blast  is  heated. 

T3  =  the  absolute  temperature  of  the  blast  after  its  ex- 
pansion. 

8,  =  the  weight  of  a  cubic  foot  of  air  at  pressure  p/'  and 
temperature  Tj. 

03  =  the  weight  of  a  cubic  foot  of  air  at  pressure  p^  and 
temperature  T3. 

Let  us  now  endeavor  to  obtain  expressions  for  the  values  of  Q', 
Q",  p/,  p/',  ^Y',  W"  and  E',  E"  in  terms  of  the  quantities  within 

our  control,  viz. :   fn',  f'n",  k'd',  k"d",  and  ^%.      The  coefficients 

f  and  f"  vary  with  the  conditions  of  the  blowing-engine,  the 
blast-pipe,  etc.  With  the  same  engine,  however,  working  under 
nearly  similar  conditions,  and  with  the  hot-blast  apparatus  in  perfect 
order,  as  we  shall  assume  it  to  be,  the  diffiirence  between  the  values 
off  and  f"  might  be  neglected  without  serious  inaccuracy.  We 
shall  therefore  assume  that  F  =  f".  We  can  also  assume  that  the 
number  of  tuyeres  in  use  shall  be  the  same  with  both  hot  and  cold 
blast,  and  that  the  variation  in  the  total  area  of  orifices  for  the  issue 
of  the  blast  is  produced  by  changing  the  size  of  the  nozzles. 
In  this  case  k'  =z  k". 
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The  problem  becomes  thus  somewhat  simpler,  as  the  terms  in 
which  the  values  sought  are  to  be  expressed  become  reduced  to  n', 

n",  d',  d",  and  ^,. 

AYe  will  also  assume  that  the  blowing-engine  has  one  double- 
acting  blast-cylinder. 

The  expression  for  the  weight  of  blast  driven  into  the  furnace  is 
readily  obtained. 

With  cold-blast  we  have 

Q^  =  f^aii^'^o,  (11.) 

and  with  hot-blast 

Q-  =  Pal|^^..  (12.) 

Dividing  (12)  by  (11)  we  get 

The  weight  of  blast  delivered  is  thus  seen  to  be  directly  propor- 
tional to  the  number  of  revolutions  of  the  shaft  per  minute. 

In  order  to  obtain  expressions  for  the  pressures  to  which  the 
blast  is  subjected,  under  the  varying  conditions  of  the  quantities 
within  our  control,  we  must  have  recourse  to  the  expression  for  the 
velocity  of  efflux  of  air. 

In  the  case  of  cold-blast  this  expression  is 


Substituting  these  values  in  equation  (13),  we  have, 


Substituting  this  value  in  equation  (14),  we  get, 


"-sl%J--^t(,e)"->l 


*„    y-i    I    vn.    y  i  (^5.) 
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If  we  include  the  constant  factors  in  one  constant  coefficient,  that 
is,  if  we  make 

2c--  P^  -^  -  C 


Ave  have  u^  =  S  ^[  (^^)   >    -  1  j     • 


Solving  this  equation  with  reference  to  — ,  we  get 
In  the  case  of  hot-blast  we  have  the  expression, 


(16.) 


(17.) 


"->l%9,4T{-(;>y"} 


(18.) 


J,  V 1    __    P_    1     -'^2  Vo    ^ 1       j^_ 


By  a  similar  series  of  substitutions,  as  in  the  case  of  cold-blast, 
we  obtain  finally, 


"'-J<=x%{c^o'^-4 


(19.) 


Solving  which  with  reference  to  '^,  we  get 

Po 

To  utilize  equations  (17)  and  (20)  for  our  purpose,  we  must  find 
the  values  of  u'"  and  u"^  in  terms  of  the  quantities  within  our  con- 
trol, and  substitute  the  values,  thus  found,  in  these  equations.  To 
do  this,  we  can  find  the  expression  for  the  weight  of  blast  entering 
the  furnace  per  second  in  terms  of  the  velocity  of  its  efflux  from  the 
tuyeres. 

This  expression  is,  for  cold-blast, 

Q^  =  k^m  Jd^^u'cf,  ,  (21.) 

and  for  hot-blast, 

Q^^  =  k^m    ~  d'^2  u''  .fa  .  (22  ) 

But  /g  =  cfo   Y  ^   °  T * 

Q^^  =  k^m    Jd^^'u'^/^^— ^     .  ^23.) 


328  THE    MECHANICAL    WORK    PERFORMED 

We  have,  however,  already  found  expressions  for  the  weights  of 
hot  and  of  cold  blast  entering  the  furnace  per  second.  We  can  sub- 
stitute these  values  for  Q'  and  Q,"  in  equations  (21)  and  (23),  and 
obtain  for  cold-blast, 

f^al^cr„  =  k^mj-d^2u^<f,     .  (24.) 

and  for  hot-blast, 

P  a  1  -^  /,  =  k^m  4  ^"■^  XX"  S,  ^      •  (25.) 

Let  Pal    ^  =  A.,  and  k^  m  -  J'„  =  B. 

A  n'  =  B  d^2  u/     .  (26.) 

A  n'''  =  B  d^^2  u//  __i      .  ^27.) 

Solving  these  equations  with  reference  to  u'  and  u",  respectively, 
we  get 

A  n^ 
"'   ==    B  d^^   '  (28.) 


A   n^'  T^ 

B  d"'^  'l'\     '  (29-) 


and  squaring,  we  get 


A'^  n'2 
"''  =  B"2  d~*     '  (30.) 

"     ~  B2  &"^  \^'\)  ■  ^^^-^ 

Substituting  these  values  of  u''^  and  u"'^  in  equations  (17)  and  (20), 
we  obtain 

r^\  f    A2     11^2  j— T 

p-7=lBMJd-  +  ir     •  (32.) 

and 

p„    ~   [b^C  (i^*  T^i    +1J  .  (33.) 

The  expression  for  the  effective  work  of  the  blowing-engine,  when 
the  blast  is  not  heated,  is 

w.=Pov.^{(;';;')^-i| .  (3..) 

But  Vq  =  F  a  1  g^  . 
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1        <r„    y-l  30         (  VPo    /  J 

But  J- ^  =  2^^      a„dl',,l3g=  A. 


35.1 


(36.) 


From  equation  (16)  we  get 
and  substituting  for  u'^  its  value,  given  by  equation  (30),  we  obtain 
Substituting  this  value  in  equation  (36),  we  get 


A3 


2g  B^  d'*  (37.) 

In  a  precisely  similar  way  we  can  obtain  for  the  work  of  the 
blowing-engine,  when  the  blast  is  heated, 

A3       n^^3  T.^ 
^''^  2o-B"^d^*  T^i    ■  (38.) 

Dividing  (36)  bv  (35),  we  obtain 

W^  ^  ^   d^*  T/'  "  (3^-) 

The  work  of  the  blowing-engine  is  thus  seen  to  be  directly  pro- 
portional to  the  cube  of  the  number  of  revolutions  of  the  shaft  per 
minute,  to  be  inversely  proportional  to  the  fourth  powers  of  the 
diameters  of  the  nozzles,  and,  in  the  case  of  hot  blast,  to  be  directly 
proportional  to  the  ratio  between  the  temperature  of  the  blast  as  it 
leaves,  and  the  temperature  as  it  enters  the  hot-blast  oven. 

The  expression  for  the  actual  energy  of  the  blast,  when  it  is  cold, 
is 

^'  =  ^'2^'  (40.) 

But  by  equation  (11) 

and  by  equation  (30) 

U'8  —      —     . 

B^  d^-* 
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Substituting  these  values  in  equation  (40)  we  get 

^'  =  2Tb^  d^    ■  (41-) 

This  expi'essian  is  exactly  the  same  as  that  obtained  for  the  effective 
work  of  the  blowing-engine,  as  in  this  case  it  should  be.  In  a  simi- 
lar way,  we  can  obtain  for  the  energy  of  the  jets  of  hot-blast  the 
expression 


A3         n^^3   /T,     \ 


2g  B2    d^^*  VT^^  )     '  (42.) 


This  expression  is  not  the  same  as  that  obtained  for  the  work  of 

T 

the  blowing-engine  with  hot-blast,  but  is  greater  in  the  ratio  ~^f 

as  we  have  already  found. 

Dividing  equation  (42)    by  (41)  we  obtain 

£//  !,/'»  d'*     /T,,     \* 

E^  ^  n^   d^^'i   \W'\  /  •  (43-) 

Having  thus  accomplished  the  object  which  we  had  proposed,  we 
shall  need,  in  the  further  discission  of  the  subject,  to  employ  only 
those  equations  whicli  express  the  variations  in  the  weight  of  the 
blast,  the  work  of  the  blowing-engine  and  the  actual  energy  of  the 
blast  under  the  different  conditions  which  we  can  introduce  at  our 
pleasure,  with  reference  to  the  speed  of  the  engine,  the  diameter  of 
the  nozzles  and  the  temperature  of  the  blast. 

The  equations  which  we  shall  thus  employ  are  the  three  follow- 
ing : 


W//          n''3  d'* 

T. 

W^      ~  n^3    d"* 

T-, 

E^/         n^^3  d^4     . 

<T, 

W   ""  n/s"   d^"  ' 

'^T'^ 

(39.) 

(43.) 

From  the  first  of  these  equations  it  will  be  seen  that,  under  the 
conditions  which  we  have  assumed  (that  is,  neglecting  the  changes 
which  variations  in  the  pressure  of  the  blast  produce  in  the  coeffi- 
cient f ',  which  represents  the  ratio  between  the  volume  of  air  ac- 
tually driven  into  the  furnace,  reduced  to  pg  and  T^,  and 'the  vol- 
ume engendered  by  the  piston),  the  weight  of  blast  which  enters  the 
furnace  depends  only  upon  the  speed  of  the  blowing-engine,  no 
matter  how  much  the  other  conditions  of  the  blast  mav  varv. 
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The  Other  two  equations  contain  five  variable  quantities,  viz. : 

It  is  evident  that  we  can  assign  arbitrary  values  to  any  three  of 
these  quantities,  and  obtain  from  the  equations  the  values  of  the 
other  two;  or  we  can  assign  arbitrary  values  to  any  two  of  these 
quantities,  and  the  equations  will  give  us  the  relations  between  two 
of  the  others  and  the  third.  As  our  object  in  this  discussion  is  to 
find  the  effect  of  heating  the  blast  upon  its  mechanical  conditions, 
we  shall  consider  some  of  the  different  cases  which  can  arise  if 
we   assign    arbitrary  values   to    any    two    of  the   four   quantities, 

W''''      W^    n^^    d^  T       ,      .  .  •         ,1  •    .• 

==j-)  -^f  —j^y  777^'  and  obtain  equations  expressing  the  variations 

of  the  other  two  with  the  temperature  of  the  blast.  Of  the  six 
cases  which  can  possibly  arise  under  these  conditions  it  will  be  in- 
teresting to  consider  four. 

1st.  Suppose  that  we  make  no  change  in  the  size  of  the  nozzles 
after  substituting  hot  for  cold  blast,  and  that  the  work  of  the  blow- 
ing-engine remains  the  same  as  before,  that  is,  let  d'  =  d",  W=^\' 

d^  W^^ 


T'f 


Equation  (39)  then  becomes 


n/3      T//  ' 


""-f-      •       '^"^"'J 


Equation  (43)  becomes,  substituting  for     ,  its  value,  just  found, 

In  this  case  the  mechanical  effect  of  heating  the  blast  will  seem 
to  be  rather  disadvantageous  than  otherwise.  The  speed  of  the  en- 
gine will  be  diminished  after  the  heating  of  the  blast,  and  less  blast 

..„. ,-7r^.     It   is  none  the 

less  true,  however,  that  there  is  a  mechanical  work  performed  in  the 
hot-blast  oven,  and  this  is  rendered  evident  by  the  equation  showing 
the  variation  of  the  actual  energy  of  the  blast  with  the  temperature. 
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The  actual  energy  of  the  blast  is  seen  to  be  increased  after  its  heat- 

ino;  in  the  ratio  — ^ 
o  T^^i  ■ 

2d.  Let  us  assume,  as  before,  that  no  change  is  made  in  the  noz- 
zles of  the  blast-pipes,  but  that  we  have  an  excess  of  power  at  our 
disposal,  so  that  we  can  drive  the  same  weight  of  air  into  the  fur- 
nace when  the  blast  is  hot  as  we  can  when  it  is  cold,  notwithstaud- 
ing  the  higher  pressure  to  which  we  must  subject  it. 

In  this  case  d"  =  d',  and  Q"  =  Q',  consequently  n"  =  n',  or 
Equation  (39)  then  becomes 
and  equation  (43)  becomes 

^  _  {^^^  y 

Here,  also,  as  in  the  previous  case,  the  mechanical  effect  of  heat- 
ing the  blast  seems  to  be  a  loss  rather  than  a  gain  of  work.  In  order 
to  drive  the  same  quantity  of  blast  into  the  furnace  after  as  before 
its  heating,  the  work  of  the  blowing-engine  must  be  increased  in 
the  ratio  _2  .      Here  again,  however,  the  equation   expressing  the 

variation  in  the  actual  energy  of  the  blast  proves  that  the  loss  is 
apparent  and  not  real,  and  that  there  is,  on  the  contrary,  an  actual 
gain  of  work,  for,  while  the  work  of  the  blowing-engine  is  increased 

m  the  ratio     ^—,  the  actual  energy  of  the  blast  is  simultaneously 
^    1 

increased  in  the  ratio   (  -^  i 

3d.  It  may  be  proposed  to  keep  the  quantity  of  blast  constant, 
without  increasing  the  work  of  the  blowing-engine  ;  this  can  readily 
be  done  by  changing  the  nozzles  of  the  blast-pipes.  In  this  case 
we  assume  that  W"=:W',  and  Q":=Q',  consequently  n"=n',  or, 

W^    =    1  '    ^"    =    1  • 
Equation  (39)  then  becomes 


—?—      =1         or      


and  equation  (43)  becomes,  after  substituting  for  ^^^  its  value, 
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We  see  thus  that  in  order  to  fulfil  the  conditions  which  we  have 
imposed,  we  must  increase  the  diameters  of  the  nozzles  in  the  ratio 

^jTTT"   .     "When  we  have  made  this  change,  there  will  seem  to  be 

absolutely  no  mechanical  effect  produced  by  the  heating  of  the  blast, 
the  same  work  being  required  to  force  the  same  quantity  of  air  into 
the  furnace,  under  the  same  pressure,  both  before  and  after  the  heat- 
ing of  the  blast.  The  fact  remains,  however,  that  there  is  a  certain 
amount  of  mechanical  work  performed  in  the  hot-blast  oven,  and 
this  work  is  rendered  evident,  as  in  the  two  previous  cases,  in  the 
increased  actual  energy  of  the  blast.     This  quantity   is  increased 

T 
after  the  heating  of  the  blast  in  the  ratio  iv~- 

^    1 

The  three  foregoing  cases  represent  the  general  experience  in 
blast-furnace  practice  since  the  introduction  of  the  custom  of  heat- 
ing the  blast.  It  was  soon  discovered  that  if  the  nozzles  were  not 
changed,  it  was  impossible  to  drive  as  great  a  weight  of  hot  as  of 
cold  blast  into  a  furnace,  witliout  increasing  the  pressure.  The  ex- 
pedient of  increasing  the  size  of  the  nozzles  was  then  resorted  to, 
but  cairied  only  so  far  as  to  permit  the  introduction  of  the  required 
weight  of  blast  at  the  same  pressure,  as  had  been  found  to  be  required 
when  cold  blast  was  employed.  In  doing  this,  the  assumption  seems 
to  have  been  made  that  the  pressure  was  the  mechanical  condition 
of  the  blast  which  it  was  important  to  regulate,  and  the  actual 
energy  of  the  blast  seems  to  have  been  left  entirely  out  of  the  ques- 
tion. Whether  this  assumption  was  drawn  from  the  results  of  ac- 
tual experience  bearing  upon  this  question,  or  was  a  deduction  by 
false  analogy  from  the  results  of  experience  when  cold-blast  only 
was  employed,  I  do  not  feel  able  positively  to  decide.  That  the  ac- 
tual energy  of  the  blast  should  have  been  left  out  of  consideration, 
and  the  great  increase  in  it,  when  hot-blast  is  employed  under  ordi- 
nary conditions,  should  have  passed  unnoticed,  is  not  wonderful 
when  we  reflect  that  the  effect  of  this  increase  was  not  likely  to  be 
injurious,  and  any  beneficial  effect  w'hich  it  might  have  could  only 
be  manifested  mechanically  by  the  actual  experiment  of  employing 
a  lower  pressure  with  hot  than  with  cold  blast,  an  experiment  which, 
as  far  as  I  know,  has  never  been  made.  Any  physical  or  chemical 
manifestations  of  a  beneficial  effect  in  increasing  the  actual  energy 
of  the  blast  were  very  likely  to  remain  unassigued  to  their  proper 
cause,  forming,  as  they  did,  a  portion  of  the  complex  and  much-dis- 
puted question  with  regard  to  the  causes  of  the  economy  in  the  work- 
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ing  of  the  furnace  which  had  resulted  from  the  employment  of  the 
hot-blast.  These  remarks,  it  appears  to  me,  sufficiently  explain  the 
apparent  anomaly  to  which  attention  has  been  called,  that  so  large 
an  amount  of  mechanical  work  could  be  performed  in  the  hot-blast 
oven,  and  yet  pass  generally  unperceived. 

4th.  Finally,  let  us  impose  the  condition  that  the  actual  energy 
of  the  blast  shall  remain  constant,  the  weight  of  the  blast  being  also 
kept  constant,  as  in  the  two  previous  cases.  In  this  case,  E"  =  E', 
and  Q,"  =  Q',  consequently  n"  =  n', 


1, 


Equation  (43)  would  then  become 

Substituting  this  value  in  equation  (39),  it  becomes 

w^     f;~  ■  * 

Here,  at  last,  we  have  the  work  of  the  hot-blast  oven  made  pal- 
pably evident  in  the  diminution  which  it  permits  to  be  made  in  the 
work  of  the  blowing-engine.     By  adopting  the  simple  device  of  in- 
creasing the  diameters  of  the  nozzles  of  the  blast-pipes  in  the  ratio 
I      2^  ^yg  Q^jjj  (Jrive  the  same  weight  of  air  into  the  furnace  with 

the  same  amount  of  actual  energy  when  the  blast  is  heated  as  when 
it  is  cold,  but  with  a  diminished  expenditure  of  power  on  the  part 
of  the  blowing-engine ;  the  work  of  the  engine  being  less  with  hot 
than  it  is  with  cold-blast,  in  the  ratio   -!^.     If  the  temperature  of 

the  hot-blast  (T2)  be  high,  the  decrease  in  the  work  of  the  engine  is 
considerable. 

Let  us  take  for  instance  the  case  already  given  of  an  engine  re- 
quired to  furnish  5000  cubic  feet  of  air  per  minute  at  a  pressure  of 
about  1\  lbs.  per  square  inch.  The  rate  of  work  required  of  the 
engine,  if  the  blast  were  not  heated,  would  be  135  H.  P.,  as  we 
have  found.  If  now  the  blast  be  heated  in  fire-brick  ovens  to  about 
800°  C,  and  the  nozzles  of  the  tuyeres  be  at  the  same  time  enlarged 
to  such  a  degree  as  to  maintain  the  actual  energy  of  the  blast  con- 
stant, the  pressure  of  the  blast  will  be  reduced  to  about  1.85  lbs.  per 
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square  inch,  and  the  rate  of  work  of  the  blowhig-engine  will  be  less 
than  it  was  with  cold-blast  in  the  ratio, 
T^^  282°  C. 

being  reduced  to  about  35|  H.  P.,  or  a  little  over  one-fourth  of  its 
former  amount. 

We  must  bear  in  mind,  however,  that  our  calculations  refer  to 
the  net  work  of  the  blowing-engine,  and  that  we  have  left  out  of 
consideration  all  passive  resistances  of  the  engine,  the  friction  of  the 
air  in  the  pipes  and  the  excess  of  the  back  pressure  in  the  furnace 
above  the  atmospheric  pressure.  When  the  blast  is  heated,  it  is 
evident  that  the  loss  of  head  due  to  friction  between  the  receiver 
and  the  tuyeres  is  much  increased  by  the  passage  of  the  blast  through 
the  oven.  The  increase  of  pressure  required  to  force  the  air  through 
fire-brick  ovens  of  the  ordinary  types  is  very  slight;  in  well -arranged 
ovens  with  cast-iron  pipes,  it  should  not  exceed  half  a  pound  per 
square  inch,  although  I  have  been  informed  that  the  loss  of  pressure 
from  receiver  to  tuyeres  has  been  found  to  be  as  great  as  IJ  lbs. 
On  these  accounts  the  actual  saving  in  practice  would  not  be  so 
great  as  appears  from  the  calculation  made  above,  although  there  is 
no  doubt  that,  after  all  corrections  had  been  made,  the  saving  would 
still  be  found  to  be  very  great.  Such  a  case,  however,  as  has  just 
been  supposed  would  not  be  likely  to  occur  in  practice,  as  cold-blast 
is  never  used  with  anthracite,  the  only  fuel  which  requires  such  a 
high  pressure  as  that  assumed,  A  case  more  likely  to  present  itself 
would  be  that  of  an  anthracite  furnace  receiving  blast  at  a  pressure 
of  about  7J  lbs.  per  square  inch,  the  temperature  of  which  should 
be  raised  from  327°  C.  to  777°  C.  by  .the  substitution  of  fire- 
brick ovens  for  insufficient  and  imperfectly  planned  ovens  with  cast- 
iron  pipes.  The  work  required  of  the  blowing-engine  to  drive  the 
same  weight  of  blast  with  equal  energy  into  the  furnace  would  be 
less  in  consequence  of  the  change  in  the  ratio, 

Tj  600°  C. 

T'^     ""     1050°  C.    ^     ^"^'^     ■ 

In  case  the  rate  of  work  of  the  engine  had  been  135  H.  P.  before 
the  change,  it  would  be  but  77  PI.  P.  after  it.  In  this  case  the  fact, 
that  by  the  substitution  of  fire-brick  ovens  for  those  with  cast-iron 
pipes  the  loss  of  head  due  to  friction  would  be  diminished,  would 
go  far  towards  neutralizing  the  effect  of  the  other  causes  of  inaccu- 
racy mentioned   above,  so  that  this  result  may  be  considered  as  a 
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tolerably  close  approximation  to  the  actual  saving  which  might  be 
expected  in  practice. 

The  question  here  naturally  arises,  whether  it  would  not  be  pos- 
sible in  practice  to  realize  this  economy.  It  is  difficult  to  give  a 
decided  answer  to  this  question  in  the  light  of  our  present  knowl- 
edge. It  is,  in  my  opinion,  safe  to  assume  that  the  only  object  of 
subjecting  the  blast  to  a  pressure  in  excess  of  that  existing  in  the 
hearth  of  a  furnace  is  to  impart  to  the  jets  of  blast  a  certain  amount 
of  actual  energy.  This  actual  energy  is  required  to  overcome  the 
resistance  offered  to  the  passage  of  the  blast  across  the  hearth,  and 
probably  also  to  force  the  particles  of  air  to  a  certain  depth  into  the 
pores  of  those  lumps  of  fuel  upon  which  the  jets  impinge,  so  as  to 
bring  the  oxygen  of  the  blast  into  contact  with  a  sufficiently  large 
surface  of  carbon,  and  thus  cause  an  active  combustion  to  CO 
within  a  restricted  space.  If  this  view  be  correct,  an  addition  to 
the  actual  energy  of  the  blast  from  any  source,  other  than  the  blow- 
ing-engine, will  permit  a  corresponding  diminution  in  the  work  of 
the  engine,  provided  that  the  cause  of  the  additional  energy  of  the 
blast  does  not  at  the  same  time  increase  to  an  equal  degree  the  re- 
sistances which  the  blast  must  overcome,  and  consequently  the 
actual  energy  which  it  is  required  to  possess.  It  appears  to  me 
probable  that  the  heating  and  consequent  rarefaction  of  the  blast 
increase  the  resistances  which  must  be  overcome  in  order  that  a 
given  weight  of  air  may  penetrate  to  the  middle  of  the  hearth,  and 
be  brought  into  close  contact  with  a  sufficiently  large  quantity  of 
carbon  before  it  has  risen  to  any  considerable  height  above  the 
tuyeres.  To  what  extent,  however,  these  resistances  are  increased, 
whether  or  not  to  such  a  degree  as  to  neutralize  the  additional  actual 
enei'gy  which  results  from  the  heating  of  the  blast,  is  a  question 
which  I  shall  not  attempt  in  this  paper  to  discuss,  especially  as  it 
can  be  decided  by  actual  experiment  more  surely,  if  not  more  readily, 
than  by  a  theoretical  discussion.  The  results  of  general  experience 
in  blast  furnace  practice  furnish  no  indication  that  it  is  possible  to 
diminish  the  pressure  of  the  blast  when  its  temperature  is  raised. 
This  may  possibly  be  due,  however,  to  the  fact,  already  suggested, 
that  the  increase  in  the  actual  energy  of  the  blast,  consequent  to  its 
heating,  has  been  ignored,  and  that  in  consequence  the  experiment 
has  never  been  made  of  diminishing  the  pressure  as  the  temperature 
of  the  blast  was  increased.  Experiments  in  such  an  important  and 
delicate  process  as  that  of  the  blast  furnace  are  not  to  be  lightly 
made,  but  it  appears  to  me  that  the  subject  is  of  sufficient  import- 
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ance  to  warrant  the  institution  of  a  series  of  experiments  to  investi- 
gate it,  especially  as  such  experiments,  if  conducted  with  sufficient 
caution,  would  probably  not  seriously  derange  the  working  of  the 
furnaces  in  which  they  should  be  made. 

A  subject  of  some  interest  in  connection  with  this  discussion  is 
the  determination  of  the  amount  of  heat  which  is  converted  into 
mechanical  energy  in  the  expansion  of  the  blast,  and  of  the  amount 
of  heat  which  is  required  in  order  to  restore  to  the  blast  in  the 
furnace  the  temperature  which  it  possessed  before  its  expansion. 
These  two  quantities  of  heat  are  not  equal,  as  might  be  supposed, 
but  the  latter  is  greater  than  the  former  in  the  ratio  y,  i.  e.,  the 
ratio  between  the  specific  heat  of  air  at  constant  pressure  and  that 
at  constant  volume.  The  reason  of  this  will  be  obvious  when  we 
reflect,  that  the  work  of  expansion  is  performed  entirely  at  the  ex- 
pense of  the  intrinsic  energy  of  the  air,  and  that  the  heat  thus  lost 
by  the  air  is  wholly  converted  into  this  work.  The  heat  thus  con- 
verted into  work  must  therefore  be  exactly  equal  in  amount  to  the 
heat  which  would  be  required  to  raise  the  temperature  of  the  blast 
to  its  original  state  without  performing  any  mechanical  work.  This 
condition  is  evidently  fulfilled  when  the  volume  of  the  air  remains 
constant  during  its  heating.  In  the  hearth  of  the  blast  furnace, 
however,  this  condition  is  not  fulfilled.  There  it  is  not  the  volume 
but  the  pressure  of  the  air  which  remains  constant  during  the  heat- 
ing. The  amount  of  heat  which  is  required  in  this  case  to  restore 
to  the  blast  the  temperature  which  it  possessed  before  its  expansion 
consists  not  only  of  the  heat  required  to  increase  its  intrinsic  energy, 
but  also  of  the  heat  which  is  converted  into  work  in  the  dilatation 
of  the  air  during  its  reheating. 

From  the  foregoing  analytical  discussions  we  can  readily  obtain 
expressions  in  mechanical  units  for  these  various  quantities  of  heat. 
To  utilize  these  expressions  in  heat  calculations,  it  is  only  necessary 
to  convert  them  into  thermal  units,  which  can  readily  be  done  by 
dividing  them  by  the  mechanical  equivalent  of  the  thermal  unit 
which  we  adopt. 

The  amount  of  heat  which  is  absorbed  in  the  expansion  of  the 
blast  is  equal  to  the  loss  of  intrinsic  energy  which  the  blast  suifers 
in  expanding. 

H  =  1,-13. 

We  have  already  obtained  expressions  for  both  of  these  amounts 
of  intrinsic  energy. 

TOL.  TI. — 22 


338  THE   MECHANICAL    WORK    PERFORMED 


PoVq        T, 


I,  = 


therefore 

But  we  have 

therefore 
and 


Po^o     J 


T3     ~     \Po)  T, 


T   T 


0 -(;#)■ 


Substituting  this  value  of  T2-T3  in  the  expression  for  H,  we  get 

Let   us  obtain  the    numerical   value  of  the  constant  coefBcient 
(  ^^^    -f  for  one  pound  avoirdupois  of  air. 

p„     =2116.4  lbs.  per  square  foot. 
Vq     =  12.387  cubic  feet. 
T^    =  273°  C. 
r—i  =  0.408. 

Po  Vo         1  95.67 

Cm  =  '^p        y  —  i  ~  0T08  ~  234.5  foot  pounds  per  degree  Centigrade. 

To  convert  the  expression  for  H  into  thermal  units,  we  must  divide 
this  constant  coefficient  by  the  mechanical  equivalent  in  foot  pounds 
of  our  thermal  unit.  Since  we  liave  adopted  the  pound  as  our  unit 
of  weight,  and  the  degree  Centigrade  as  our  unit  of  temperature, 
our  thermal  unit  must  evidently  be  the  pound  Centigrade  heat  uuit, 
or  the  amount  of  heat  required  to  raise  the  temperature  of  one  pound 
of  water,  at  the  temperature  of  its  maximum  density,  one  degree 
Centigrade.  The  mechanical  equivalent  of  this  thermal  unit  is 
1389.6  foot  pounds. 

Our  constant  coefficient  thus  becomes, 

234.5 

C'  =  138^:6  =  ^-^^^ 
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This  is  the  value  of  the  specific  heat  of  air  at  constant  volume,  (Sv) 

Ct      ==      Sy 

For  one  pound  of  air  then, 


H  =  Sv  T, 


G_(^)T^) 


If  Q  ^  the  weight  in  poiinds  of  the  blast,  the  expression  for  the 
total  heat  absorbed  by  the  expansion  of  the  blast  will  be 


H  =  Q   Sy.  tXi-Q)     ^    )■ 


The  determination  of  the  amount  of  heat  required  In  the  hearth 
of  the  furnace  to  restore  to  the  blast  its  original  temperature  is  of 
more  practical  importance  than  the  preceding,  as  it  enters  into  the 
calculation  of  the  heat  requirements  of  a  furnace.  It  has  never  yet, 
to  my  knowledge,  been  introduced  as  a  separate  item  in  such  a  cal- 
culation, but  has  been,  when  mentioned  at  all,  included  in  the  item 
of  the  indeterminate  sources  of  loss  of  heat.  This  amount  of  heat, 
which  we  shall  designate  by  the  symbol  H',  is  composed,  as  previ- 
ously pointed  out,  of  the  amount  required  to  restore  the  intrinsic 
energy  of  the  air  increased  by  the  amount  converted  into  work  in 
the  dilatation  of  the  air  durino;  its  reheating. 

If  we  let  V4  =  the  volume  to  which  the  air  is  dilated  when  its 
temperature  is  increased  to  T^  at  the  constant  pressure  p^  in  the 
hearth  of  the  furnace,  Ave  have 

H^  =  I,  -  I3  +  p,  (V,  -  V3). 

But  we  have 


therefore 


T3  T„ 

—    ,  and  v^  =  v^     — 


Po    (^4  —    ^3)   =        -7f—       (T2 


T 
But  we  have  already  found  that 


(T,-T3)  =  T,  ^TlZI^o^^t,  (1-  (^)   >   j  • 

Substituting  this  value  of  (T,  —  T3)  in  the  preceding  equation, 
we  obtain 


H 
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Substituting  this  value  of  p^  (v^ —  Vg)  in  tlie  expression  for  H', 
together  with  the  value  previously  obtained  for  Ij  — 13,  we  get 

Dividing  the  expression  for  H'  by  that  for  H,  we  obtain  for  the 
ratio  between  them  the  equation  jr  =  Y^  ^s  we  had  previously  de- 
termined that  it  should  be. 

The  numerical  value  of  the  constant  coefficient  in  this  case  for 

one  pound  of  air,  is    ^'m=^F"°     -^=330.2    foot  pounds  per  de- 

gree  Centigrade.  From  this  we  can  obtain,  as  before,  the  expression 
for  this  constant  coefficient  in  thermal  units. 

330.2 

C\ 0  238 

^  *    -    1389.6     - 

This  is  the  value  of  the  specific  heat  of  air  at  constant  pressure  (Sp). 

C^     =    Sp  . 

The  expression,  in  thermal  units,  for  the  total  heat  required  to 
restore  to  the  blast  in  the  furnace  the  temperature  which  it  had 
before  expansion  thus  becomes 

H'==Q.  Sp.T,   (1-    ^|^°)  y  )  • 

It  is  this  expression  which  should  be  employed  in  the  calculation 
of  the  heat  requirements  of  a  furnace.  We  see  from  it  that  the 
quantity  of  heat  required  to  restore  to  the  blast  the  temperature 
which  it  had  before  its  expansion  is  directly  proportional  to  the 

yul 

temperature  of  the  hot-blast  (T^)  and  to  the  quantity  (^~(~)    ^    )• 

The  higher  the  temperature  of  the  hot-blast  (Tj)  and  the  higher  the 
jjressure  of  the  blast  (p^)  the  greater  is  this  loss  of  heat.  We  will 
illustrate  this  by  a  few  numerical  examples.  To  avoid  high  figures 
we  will  follow  the  general  custom  and  adopt  the  ton  as  our  unit  of 
weight.  Our  thermal  unit  will  be  consequently  changed  to  the  ton- 
Centigrade  heat  unit. 
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1st.  Let  US  take  the  case  of  a  charcoal  furnace  working  with 
cold-blast  at  a  pressure  of  1|  lbs.  per  square  inch  and  burning  one 
ton  of  carbon  at  the  tuyeres  per  ton  of  pig  iron  produced. 

In  this  case 

Q  =  *  X  4.33  =  5.77  tons  of  blast  per  ton  of  pig  iron. 

T    T 

±2    Xi- 

0.29 
/16  2\ 
Ti=       (y4^)         X  273°  =  280.8°. 

(T,  -  TJ  =  7.8°. 

H'  =  5.77  tons  x  0.238  x  280.3°  x  0.0278 

=  5  77  tons  X  0.238  X  7.8°  =  10.7  ton-Centigrade  heat  units 

per  ton  of  pig  iron. 

2d.  In  the  example  (A),  given  by  Mr.  Bell  in  his  work  on  the 
Chemical  Phenomena  of  Iron  Smelting  (Section  XXVIII),  of  a 
furnace  having  a  capacity  of  11,500  cubic  feet,  and  smelting  Cleve- 
land ironstone, 

Q,  =  5.187  tons  of  blast  per  ton  of  pig  iron. 

t^   =  485°  C. 

T,  =  273°  +  485°  =  758°. 

The  pressure  of  the  blast  is  not  stated,  but  is  assumed  to  be  four 
pounds  per  square  inch. 
Upon  this  assumption, 

y—\  0.29 

0-  (^)^)  -  0-  m  )---■ 

0.29 
/187\ 
Ti=     f|^j  X  273°  =  292.7°. 

(Ti  -  TJ  =  19.7°. 

(T,_T3)=     ^     (T,-TJ=     2.59  X  19.7°  =  51°. 

H^  =  5.187  tons  x  0.238  x  758°  x  0.0674 

=  5.187  tons  X  0.238  x  51°  =  63  ton-Centigrade  heat  units  per  ton 

of  pig  iron  produced. 

This  is  equivalent  to  1260  cwt.-Centigrade  heat  units,  which  are 
the  units  Mr.  Bell  emj^loys  in  his  calculations. 
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3d.  In  the  Cedar  Point  furnace,  working  with  anthracite  and 
Avith  blast  heated  in  Whitwell  stoves,  the  calculation  of  the  heat  re- 
quirements of  which  is  given  by  Mr.  \yitherbee  in  the  Transactions 
of  this  Institute  (vol.  v,  p.  618), 

Q  =  5.481  tons  of  blast  per  ton  of  pig  iron. 
t,   =  704°  C. 

T,=  273°  +  704°  =  977°. 
The  pressure  of  the  blast  is  not  stated  but  is  assumed  to  be  about 
7J  lbs.  per  square  inch. 
In  this  case 

>— 1  0.29 

('-&°)^)-  i^-m  )---»■ 

0.29 
/22.05\ 
^'=   [UJ-J  X    273°  =  307°. 

(Ti  -  TJ  =  34°. 

(T,  -  T3)  =     ^     (Tj  -  TJ  =  3.4  X  34°  =  108°. 

H^=  5.481  tons  X  0.238  X  977°  X  0.1109 

=  5.481  tons  X  0.238  X  108°  =  140.8   ton-Centigrade    heat   units 

absorbed    per    ton    of    pig 
iron  produced. 

In  this  last  case  the  amount  of  heat  absorbed  in  heating  the  blast 
to  its  original  temperature  is  seen  to  be  considerable,  owing  to  the 
fact  that  l)oth  the  temperature  and  the  pressure  of  the  blast  are 
high.  Those  who  are  not  familiar  with  heat  calculations  ma}'  obtain 
a  more  definite  idea  of  the  extent  of  this  loss  of  heat  by  observing 
the  loss  in  temperature  which  the  blast  suffers  during  its  expansion, 
(T,  —  T3).  This  amounts  to  108°  C.  (194°  F.)  in  the  case  in  ques- 
tion, so  that,  while  the  temperature  of  the  blast  as  recorded  after 
leaving  the  hot-blast  oven  is  704°  C,  its  temperature  after  its  ex- 
pansion is  less  than  600°  C. 

It  must  be  remembered,  that  these  results  are  exact  only  upon  the 
assumptions  which  we  have  made,  viz. : 

1st.  That  the  back  pressure  in  the  furnace  is  equal  to  that  of  the 
external  atmosphere. 

2d.  Timt  the  blast  is  first  cooled  to  the  full  extent  by  its  ex- 
pansion, before  its  temperature  is  again  raised  by  the  hea.t  in  the 
furnace. 

3d.  That  the  pressure  at  the  tuyeres  is  equal  to  that  in  the 
receiver. 
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Since  there  is  always  an  excess  of  pressure  above  that  of  the  at- 
mosphere in  the  hearth  of  a  furnace  while  it  is  in  blast,  the  amount 
of  heat  actually  abstracted  from  the  hearth  to  restore  to  the  blast  its 
original  temperature  will  be  less  than  the  amount  which  would  be 
obtained  by  calculation  from  the  formula  given  above.  The  gases 
produced  in  the  hearth,  however,  as  they  rise  through  the  furnace 
are  subjected  to  a  constantly  diminishing  pressure  which  finally, 
at  the  throat,  differs  very  slightly  from  that  of  the  external  atmos- 
phere. In  consequence  of  this  diminutioi*  of  pressure  the  gases  ex- 
pand, and  in  so  doing  absorb  a  certain  quantity  of  heat.  This  loss 
of  pressure  from  the  hearth  to  the  throat  is,  however,  small,  so  that, 
although  the  nature  of  the  gas  and  the  law  of  expansion  are  dif- 
ferent from  those  to  which  our  formula  applies,  still  we  would  not 
commit  an  error  of  importance  if  we  assumed  that  the  amount  of 
heat  required  to  restore  that  lost  in  the  expansion  of  the  gases  in 
the  furnace  is  equal  to  the  diiference  between  the  result  obtained  by 
our  formula  and  the  amount  of  heat  actually  abstracted  from  the 
hearth.  The  total  heat  requirement  of  the  furnace  due  to  the  ex- 
pansion both  of  the  blast  and  of  the  gases  would  thus  be  nearly 
equal  to  that  obtained  by  our  formula,  but  it  must  be  remembered 
that  of  this  total  heat  requirement  a  portion  only,  although  much 
the  larger  portion,  that  namely,  due  to  the  expansion  of  the  blast, 
is  abstracted  directly  from  the  hearth,  the  remainder,  or  that  due  to 
the  expansion  of  the  gases,  being  absorbed  throughout  the  whole  of 
the  furnace  above  the  hearth. 

With  regard  to  the  second  assumption,  if  the  blast  be  not  cooled 
to  the  full  extent  at  first,  but  receive  heat  from  the  furnace  with 
sufficient  rapidity  to  prevent  the  full  diminution  of  its  temperature 
which  would  otherw^ise  result  from  its  expansion,  the  amount  of 
heat  absorbed  by  it,  to  restore  or  maintain  its  original  temperature, 
would  be  greater  than  that  obtained  by  our  formula,  since  the 
amount  of  heat  converted  into  work  would  be  greater.  If  this  as- 
sumption is  not  correct,  however,  I  think  it  likely  to  be  so  nearly 
accurate  that  the  error  involved  in  its  adoption  must  be  slight. 

The  error  introduced  by  the  third  assumption  may  readily  be 
avoided  by  giving  to  p'  in  the  formula  the  value  of  the  pressure  at 
the  tuyeres,  which  may  be  obtained  directly  by  experiment,  or  by 
deducting  from  the  pressure,  recorded  at  the  receiver,  the  mean  loss 
of  pressure  from  receiver  to  tuyeres,  which  has  been  determined  by 
previous  experiments.  In  this  way  the  small  loss  of  heat,  due  to 
the  expansion  of  the  blast  from  its  pressure  at  the  point  where  its 
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temperature  is  observed  to  that  at  the  tuyeres,  wilJ  be  neglected, 
but  as  the  difference  of  pressure  is  very  slight,  the  loss  thus  ne- 
glected will  be  inconsiderable. 

It  appears  from  the  above,  that  the  results  obtained  by  the  for- 
mula which  we  have  deduced,  while  they  cannot  claim  absolute 
accuracy,  are  sufficiently  close  approximations  for  ordinary  purposes, 
and  the  errors  in  them  are  probably  quite  within  the  limits  of  error 
admissible  in  such  calculations  as  that  of  the  heat  requirements  of  a 
blast  furnace.  # 


THE  EUBEKA  LODE,  OF  EUBEKA,  EASTERN  NEVADA. 

BY  W.    S.   KEYES,    SAN  FEANCISCO,   CALIFORNIA. 
(Read  at  the  Amenia  Meeting,  October,  1877.) 

EASTERN    NEVADA. 

The  State  of  Nevada,  known  par  excellence  as  "  the  Silver  State," 
occupies  the  major  portion  of  the  wide  plateau,  or  so-called  Great 
Basin,  lying  between  the  Sierra  Nevada  range  on  the  west  and  the 
Wahsatch  range  of  the  Rocky  Mountains  on  the  east.  It  extends 
from  the  114th  degree  to  the  120th  degree  of  longitude,  west  of 
Greenwich.  It  is  limited,  on  the  north,  by  the  42d  degree  of  lati- 
tude, and  on  the  extreme  south  by  the  35th  degree  of  latitude.  Its 
general  shape  is  that  of  an  irregular  parallelogram,  from  which  the 
lower  or  southwestern  portion  has  been  cut  off  by  a  diagonal  south- 
easterly line ;  the  missing  portion  forms  a  part  of  the  State  of  Cali- 
fornia on  the  west. 

The  Great  Basin  is  made  up  of  a  succession  of  low  hills,  or  minor 
mountain  ranges,  running  very  nearly  north  and  south,  with  long 
valleys  between  them.  All  of  these  mountains  are  more  or  less  metal- 
liferous. On  the  western  rim,  marking  the  eastern  flank  or  foothills 
of  the  Sierra,  we  find  granites,  porphyries,  and  propylites.  Here  we 
note  the  great  Comstock  lode,  with  its  free-milling  gold  and  silver 
ores,  and  still  further  south  the  once  prominent  and  the  now  reviving 
gold  and  silver-bearing  districts  of  Esmeralda  County,  Nevada,  and 
of  Morro  County,  California.  Next,  at  some  distance  to  the  east,  we 
find  the  mining  districts  at  and  near  Unionville,  in  Humboldt  County. 
Still  further  to  the  east  we  find  the  Battle  Mountain  copper-silver 
district,  north  from  the  railroad,  and  southerly  therefrom  the  Austin 
or  Reese  River,  Belmont,  and  other  districts.  Still  further  east  and 
north  of  the  railroad,  we  find  the  Tuscarora,  a  new  district  of  very 


THE    EUEEKA    LODE,    OF    EUREKA,    EASTERN   NEVADA.        345 

great  promise,  and  the  Cornucopia  district ;  and  south  of  these  the 
Cortcz,  Eureka,  Morcy,  and  Danville  districts.  Eastward  again  lie 
the  Cherry  Creek,  AVhite  Pine,  Sacramento,  Patterson,  Bristol,  and 
Pioche  districts,  and,  most  easterly  of  all,  the  Deep  Creek  and  other 
purely  lead-bearing  districts,  which  assimilate  most  nearly  to  the 
smelting-ore  mines  of  the  Territory  of  Utah. 

Very  nearly  in  the  middle  of  Eastern  Nevada,  we  find  a  belt  of 
carboniferous  strata,  commencing  in  the  vicinity  of  the  town  of  Car- 
lin,  on  the  line  of  the  Central  Pacific  Railroad,  passing  southwardly 
about  25  miles  east  of  the  town  of  Eureka,  and  reappearing  a  little 
west  of  south  at  a  point  from  100  to  150  miles  east  of  the  town  of 
Darwin,  in  the  State  of  California.  The  coal  seams  of  this  belt  are, 
in  its  northern  part,  thin,  and  rendered  very  impure  by  a  large 
proportion  of  intercalated  black  bituminous  shales,  so  that,  up  to 
the  present  time,  they  have  proved  of  slight  commercial  importance. 
Those  farther  south,  on  the  other  hand,  are  reported  to  be  large,  and 
may,  possibly,  in  the  future,  become  available  for  the  use  of  railroads 
and  smelting:  works. 

The  western  portion  of  the  State  carries,  predominantly,  "  free- 
milling"  ores,  or  such  as  readily  yield  the  precious  metals  by  simple 
amalgamation.  The  eastern  portion,  however,  with  the  exception  of 
the  Tuscarora,  Cornucopia,  Cherry  Creek,  Pioche,  and  some  minor 
districts,  carries  in  the  main,  the  lead  or  smelting  ores. 

Eastern  Nevada  is  made  up  almost  entirely  of  a  succession  of  ir- 
regularly connected  low  mpuntain  ranges,  running  northerly  and 
southerly,  which  are  due  to  the  elevation  of  the  beds  of  dolomitic  or 
mountain  limestone,  with  intercalated  strata  of  sandstones,  quartzites, 
and  calcareous  and  argillaceous  shales.  The  valleys  bet\veen  the 
ranges  are  filled  mainly  with  the  products  of  erosion,  and  have  an 
average  altitude  of  between  4000  and  6000  feet  above  the  sea-level. 
The  primal  granites  are  visible  at  a  few  places,  as,  for  example,  in 
Steptoe  Valley,  where  they  show  gold  quartz  veins,  and,  father  south, 
on  or  near  the  same  parallel,  while  the  intrusive  rocks,  porphyries, 
and  lavas,  with  the  accompanying  trachytic  tufas,  are  found  almost 
invariably  in  the  vicinity  of  the  metal-bearing  districts.  The  lime- 
stones have  been  determined  as  belonging  to  the  paleozoic  series  of 
rocks  of  the  Cambrian,  Silurian,  and  Devonian  eras,  and  the  exj)lo- 
rations  on  the  fortieth  parallel,  under  the  direction  of  Mr.  Clarence 
King,  have  shown  their  maximum  thickness  to  exceed  30,000  feet. 
The  uplifting  of  these  strata  has  given  rise  to  the  north  and  south 
mountain  ranges,  and  hence  we  observe  the  anticlinal  folds,  dipping, 
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in  the  main,  easterly  and  westerly.  This  portion  of  the  State  is  measur- 
ably well  watered.  We  find  bodies  of  water,  nearly  large  enough  to 
be  denominated  lakes,  in  Deep  Creek,  Spring  Valley,  Steptoe  Val- 
ley, and  Ruby  A^alley,  and  smaller  creeks  or  streams  are  not  un- 
common in  all  the  other  depressions  between  the  ranges.  The  climate 
is  highly  salubrious.  The  snowfall,  except  upon  the  mountain  tops, 
is  comparatively  insignificant.  Most  of  the  hardier  vegetables  and 
cereals  are  cultivated  with  ease  and  profit.  Cattle  raising  and  sheep 
farming  are,  aside  from  mining,  the  chief  industries,  for  which  the 
bunch  grass  and  white  sage  offer  an  admirable  and  plenteous  pastur- 
age. The  mountain  mahogany,  as  it  is  called,  a  species  of  iron-wood, 
and  the  piilon,  or  nut-pine,  are  found  in  sufficient  abundance  for  the 
purposes  of  fuel.  The  rainfall  is,  as  a  rule,  slight,  but,  according 
to  the  observation  of  the  longest  residents,  it  has  annually  been  in- 
creasing. In  fact  it  has  been  remarked  by  the  Indians  that  the  white 
man  brings  his  climate  with  him,  that  is,  that  it  rains  now  more  than 
formerly.  In  proof  we  have  the  fact  that  Walker's  Lake,  near  the 
Sierra,  has,  in  recent  years,  so  nuich  enlarged  its  area  that  the  old 
stage  road  is  now  under  water  four  or  five  miles  from  the  shore,  and 
at  Rush  Lake,  near  the  town  of  Stockton,  in  Utah,  where,  in  1866, 
there  was  merely  a  muddy  slough,  we  now  find  a  respectable  lake 
several  miles  in  length.  The  Great  Salt  Lake,  as  is  well  known,  is 
much  loss  strongly  impregnated  with  salt  than  formerly,  and  has 
risen  from  twelve  to  fourteen  feet. 

Population  in  the  Great  Basin  is  quite  scanty.  The  entire  State 
of  Nevada  has  only  about  54,000  iniiabitants,  of  whom  the  far 
larger  portion  are  to  be  found  near  Virginia  City,  on  its  western 
limits.  Eastern  Nevada  is  very  sparsely  settled,  the  population 
being  principally  confined  to  the  neighborhood  of  the  mining  villages, 
which  now  are,  as  they  always  have  been,  the  foreranners  of  advanc- 
ing civilization. 

EUREKA. 

The  town  of  Eureka  is  situated  in  the  county  of  Eureka,  in  the 
eastern  part  of  the  State,  ninety-one  miles  south  of  Palisade  Station, 
on  the  Central  Pacific  Railroad,  with  which  it  is  connected  by  a  nar- 
row-gauge railroad.  This  road  was  built  and  equij)ped  without  aid 
either  from  the  State  or  county.  It  has  nowhere  a  grade  of  over  one 
hundred  feet  to  the  mile,  and  is  reported  to  have  cost  something  more 
than  $1,000,000. 

Eureka,  which,  in  the  year  1869,  had  but  one  or  two  log  cabins. 
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has  now  a  population  of  5000  to  6000,  with  two  daily  newspapers, 
two  lines  of  telegraph,  a  railroad,  and  many  fine  buildings.  It  is 
the  second  town  of  importance  in  Nevada.  The  territory  now  known 
as  Eureka  County  was  formerly  a  portion  of  Lander,  the  "  INIother 
of  Counties."  Lander  was,  in  the  year  1839,  as  a  consequence  of 
the  "White  Pine  excitement,  divided  into  three  portions;  the  north- 
east portion  was  organized  as  Elko  County,  and  the  southeast  portion 
as  White  Pine  County.  The  legislature  of  1874  again  cut  off  from 
Lander  a  narrow  strip,  running  north  and  south,  and  formed  thereof 
the  present  county  of  Eureka. 

HISTORY    OF   THE    EUREKA    DISTRICT. 

The  Eureka  mining  district  embraces  the  major  portion  of  a  spur 
of  the  Diamond  range  of  mountains.  (See  Map,  Plate  VII.)  Silver 
ore  was  first  discovered  in  this  locality  by  some  members  of  the 
Leathers'  party  from  Austin,  on  their  way  to  White  Pine,  in  the 
latter  part  of  the  year  1864,  or  early  in  1865.  They  had  intended 
to  follow  the  old  road,  through  the  pass  across  the  Diamond  Range, 
some  three  miles  north  of  the  present  location  of  the  town  of  Eureka, 
but  some  of  the  laggards  of  the  company,  deeming  the  caiion  leading 
to  the  south  the  easier  passage,  took  that  direction,  and  found  some 
rich  mineral  "float"  in  what  is  now  called  New  York  Caiion,  just 
south  of  the  present  town.  They  hastily  made  some  locations,  and 
continued  their  journey  to  White  Pine  Mountain. 

Little  was  done  m  the  district,  beyond  merely  adopting  the  Reese 
River  mining  rules  and  regulations,  until  the  spring  of  1869,  when 
Major  W.  W.  McCoy  built,  under  the  direction  of  Mr.  C.  Stetefeldt, 
JNI.  E.,  a  small  furnace  for  the  reduction  of  ores.  This  furnace  was 
only  moderately  successful.  The  ores  were  very  "  rebellious,"  /.  e., 
contained  a  very  high  percentage  of  silica,  and  although  some  "work- 
lead,"  or  bullion,  was  produced,  still  the  experiment  was,  on  the 
whole,  non-renumerative.  Meanwhile  the  Tannahill  Company,  an 
Eastern  corporation,  had  done  a  little  work,  but  was  ultimately  dis- 
solved, or  ceased  operations.  In  the  fall  of  1869,  Mr.  G.  C.  Rob- 
bins,  as  agent  for  the  Buttercup  Company,  likewise  an  Eastern  cor- 
poration, built  a  small  "(raft  furnace,"  which  was  partially  success- 
ful, and  subsequently  a  larger  furnace.  Owing  to  economical  com- 
plications, this  company's  property  was  ultimately  sold  out  by  the 
sheriff,  and  it,  too,  disappeared.  The  Jackson  Company  also  built, 
subsequently,  a  small  furnace,  and  produced  some  lead  bullion. 
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All  the  locations  made  in  the  district  up  to  the  summer  of  1869, 
were  in  New  York  Canon  and  on  the  easterly  flank  of  the  high  peak 
now  known  as  Prospect  Mountain.  All  the  prospectors  had  sought 
for  mineral  on  the  east  side,  and  had  unfcrrtunately  overlooked  'the 
westerly  and  northwesterly  foothills.  At  this  time,  however,  some 
Cornish  miners  discovered  a  very  promising  ferruginous  outcrop  about 
2 J  miles  west  of  the  town  of  Eureka,  on  a  northwesterly  spur  of 
Prospect  Mountain,  which  they  named  Ruby  Hill.  From  this  dis- 
covery dates  the  beginning  of  the  prominence  and  prosperity  of  the 
district. 

The  party  located  the  Champion,  Buckeye,  Sentinel,  Mammoth, 
and  other  claims,  which  they  set  to  work  industriously  to  open  and 
develop.  The  owners  of  the  Buckeye,  Mammoth,  Sentinel,  etc., 
built  a  brush  fence  marking  and  defining  their  claims.  They  pru- 
dently took  in  all  the  law  allowed  them,  and  something  more;  and, 
subsequently,  when  the  ground  had  become  valuable,  patrolled  their 
boundary  line  with  loaded  rifles  to  keep  off  encroaching  locators. 

Soon  after  Messrs.  Buel  &  Bateman,  men  of  affairs  and  adventurous 
miners,  built  two  small  furnaces  after  the  Cornish  fashion  to  smelt 
the  rich  carbonate  of  lead  ores  found  in  the  Champion.  The  re- 
sults were  highly  encouraging.  Subsequently  a  party  of  San  Fran- 
cisco capitalists  bought  out  the  owners  of  the  Buckeye,  Mammoth, 
Sentinel,  etc.,  and  a  consolidation  was  effected  with  the  Buel  &  Bate- 
man Company.  From  the  properties  thus  united  resulted  the  cor- 
poration now  known  as  the  Eureka  Consolidated  Mining  Company. 
This  company  was  organized  in  July,  1870,  and  in  the  month  of 
January  of  the  succeeding  year  the  writer  took  charge  as  superin- 
tendent of  the  mines  and  furnaces.  During  the  next  few  years  a- 
large  number  of  corporations  were  formed  to  work  the  mines  of 
this  district,  among  others  the  Richmond,  K.  K.,  Jackson,  Phoenix, 
Hamburg,  etc.  All  of  these  except  the  last  (and  that  presumably) 
are  situated  upon  what  we  shall  call  the  Eureka  lode.  Of  these  the 
Richmond  lies  to  the  west  of  the  Eureka  Consolidated,  and  the  K. 
K.,  Phoenix,  and  Jackson,  in  the  order  named,  follow  one  another  to 
the  east  of  the  Eureka.  The  Hamburg  lies  about  three  miles  in  a 
southerly  direction,  and  is  probably  on  a  continuation  of  the  same 
great  lode.  Quite  a  number  of  more  or  less  promising  locations 
have  been  made  on  both  sides  of  Prospect  Mountain.  They  have 
not,  however,  been  developed  to  any  great  extent. 

A  work  of  very  great  geological  interest  is  the  tunnel  recently 
started  on  the  western  side  of  Prospect  Mountain.     This  is  intended 
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to  be  driven  from  the  Avest  entirely  through  the  hill.  At  a  point 
some  few  hundred  feet  in  it  is  reported  that  the  limestone  has  given 
place  to  quartzite.  If  this  is  true  it  seems  likely,  judging  from 
other  parts  of  the  district,  that  ore  will  be  found  lying  upon  either 
the  western  or  at  all  events  on  the  eastern  side  of  it. 

MINING   LAWS. 

The  rules  and  regulations  of  the  miners  primarily  in  force  in  the 
district  were  such  as  usually  governed  throughout  the  State.  The 
early  locators  adopted  formally  the  Eeese  River  code  of  laws,  which 
granted  200  feet  along  the  course  of  the  lode  to  each  person  named 
in  the  notice  of  location,  with  an  extra  claim  as  a  bonus  to  the  dis- 
coverer of  a  new  ledge.  This  code  allowed  also  a  space  of  100  feet 
on  each  side  of  the  claim  for  working  purposes,  i.  e.,  for  hoisting 
works,  dump  room,  and  other  appurtenances  of  the  mine.  In  the 
year  1869,  at  the  suggestion  of  Mr.  Stetefeldt,  an  amendment  or  ad- 
dition to  the  laws  was  made,  whereby  "  square  "  locations,  as  they 
w'ere  called,  might  be  taken  up.  These  square  locations  consisted  of 
a  space  of  ground  100  by  100  feet,  with  the  addition  of  the  usual 
extra  "square"  for  the  discoverer  of  a  new  deposit.  They  were  sur- 
face locations,  pure  and  simple,  and  granted  all  the  mineral  which  lay 
beneath  them  to  any  depth.  The  reason  recited  as  the  motive  for 
this  amendment  was  that  the  ores  of  the  district  did  not  occur  in  true 
veins,  but  merely  in  the  form  of  isolated  irregular  deposits.  These 
new  regulations  were  adopted  prior  to  the  discovery  of  the  ore  on 
Ruby  Hill,  and  hence  it  is  proper  to  assume  that  they  were  not  predi- 
cated upon  the  mode  of  its  occurrence  at  this  particular  locality. 
Nevertheless  all  the  earliest  locations  on  Ruby  Hill  were  made  either 
as  surface  "  squares  "  or  as  both  "  squares  "  and  ledge  locations.  As 
examples  of  the  latter  we  have  the  Richmond  location,  made  by  the 
predeces&ors  in  interest  of  the  present  Richmond  Mining  Company, 
and  the  Marcelina,  belonging  to  the  Iv.  K.,  which  was  located  in  a 
similar  manner  by  the  predecessors  in  interest  of  that  company.  In 
the  fall  of  1869  and  early  in  1870,  the  miners  seem  to  have  begun 
to  doubt  the  validity  of  the  square  locations,  and  without  exception 
relocated  their  claims  as  ledges. 

Eureka  thus  appears  to  have  been  the  first,  if  not  the  only  district 
in  the  State,  in  which  such  a  method  of  location  has  been  attempted. 
It  is  still  a  matter  of  grave  doubt  whether  such  a  location  could  or 
could  not  be  deemed  to  come  within  the  meaning  of  any  of  the  United 
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Stcites  enactments  governing  the  location  of  mines,  after  the  promul- 
gation of  the  law  of  1866.  At  any  rate  the  innovation  very  soon 
fell  into  disuse,  or  was  only  invoked  as  an  additional  safeguard  to 
round  out,  so  to  speak,  a  ledge  location.  By  combining  both  a  sur- 
face claim  and  a  ledge  location  the  miners  were  enabled  to  evade  the 
very  troublesome  and  very  improper  permission  or  presumption  of 
the  old  law  that  many  different  ledges  might  crop  out  and  be  held  by 
diiferent  owners  within  the  area  of  a  single  claim.  This  objectionable 
feature  has  been  entirely  obviated  by  the  wise  provision  of  the  act 
of  1872,  whereby  all  ledges,  if  there  be  more  than  one  within  the 
surface  lines  of  the  original  location,  are  deemed  to  be  the  property 
of  the  first  locator,  in  so  far  as  they  are  included  within  the  ])ro- 
jected  end-lines  of  the  claim.  The  law  of  1872  has  so  far  worked 
admirably  in  practice.  It  might  be  improved,  howev^er,  by  enlarg- 
ing the  surface  })ermitted  from  600  to  1000  feet,  and  *by  making  the 
parallelism  of  the  end-lines  mandatory  instead  of  merely  directory. 

GENERAL    GEOLOGY    OF   THE    DISTRICT. 

Immediately  east  of  the  long  and  narrow  gulch,  in  which  lies  the 
town  of  Eureka,  we  find  some  high  lava  hills,  which  extend,  inter- 
rupted by  valleys,  very  nearly  to  White  Pine,  forty  miles  distant  to 
the  southeast.  Bordering  on  the  lava  hills,  and  extending  also  west 
of  the  town  a  few  hundred  yards,  are  trachytic  tufas  of  whitish  or 
pinkish  color.  These  rocks,  probably  volcanic  ash,  are  used  for 
building  material.  When  freshly  quarried  they  may  be  easily  shaped 
with  an  axe ;  but,  on  exposure,  they  lose  much  water,  and  become 
quite  hard.  The  tufas  extend  southerly  along  the  main  gulch  about 
one  mile.  South  of  the  town  we  note  also  other  gulches ;  the  most 
westerly,  called  Goodwin  Caiion,  skirts  along  Prospect  Mountain  ; 
the  next,  called  New  York  Canon,  runs  more  or  less  parallel  with 
the  main  gulch,  and  ends  in  a  species  of  basin  against  a  portion  of 
Prosj)ect  Mountain ;  the  next  to  the  east  follows  along  southerly, 
and,  crossing  a  low  divide,  forms  the  highway  to  Secret  Caiion 
District.  The  main  gulch  receives  some  minor  tributaries  from  the 
east,  and  passes  on  to  Fish  Creek  Valley.  At  the  point  first  men- 
tioned, south  of  the  town,  where  the  tufas  give  out,  occurs  a  promi- 
nent ledge  of  sandstone,  from  which  rock  has  been  taken  for  lining 
the  smelting  furnaces.  This  sandstone  reef  is  largely  developed  on 
the  eastern  side  of  the  Diamond  Kange,  facing  Newark  Valley,  and 
appears  again  some  fifteen  miles  to  the  east,  as  a  part  of  the  coal 
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measures  at  Pancake.  It  is  hence  called  Pancake  Rock.  The  me- 
chanical aggregation  of  its  qnartzy  particles  varies  very  much.  In 
some  specimens  the  sandstone  is  distinctly  granular;  in  others  it 
appears  compact,  tougli,  and  close-grained.  Only  the  former  variety 
is  used  for  the  furnaces;  and  when  so  used  it  must  be  built  in  with 
the  edges  of  the  bedding  exposed  to  the  fire;  otherwise  it  shales  off 
in  laroe  flakes.  I  have  found  but  one  fossil  in  the  Eureka  reefs. 
This  appeared  like  a  short  section  of  a  small  wood-screw,  about  three 
inches  long,  and  nearly  half  an  inch  thick.  The  fossil  was  surrounded 
by  a  hollow  cylindrical  space,  leaving  the  articulations  free,  the  ex- 
treme ends  of  which  formed  part  of  the  inclosing  rock.  The  speci- 
men has  unfortunately  been  lost.  In  New  York  Canon  we  find  a 
series  of  true  clay  shales,  which  furnish  the,  tamping  for  the  furnaces. 
On  the  western  side  of  the  same  gulch  we  find  a  high  ridge  of  calca- 
reo-silicious  rock,  called  Silver  Hill.  This  last  contains  some  speci- 
mens of  ore,  and  has  been  located  for  mining  purposes.  In  places 
it  has  yielded  some  very  rich  ore  carrying  chloro-bromide  of  silver. 
No  well-marked  deposit  has,  however,  as  yet  been  uncovered.  A 
similar  ore  in  similar  rock  has  also  been  found  on  and  near  Adams 
Hill,  about  three  miles  west  from  the  town. 

Adjoining  the  town,  a  little  south  of  west,  are  two  hills  of  trachytic 
tufas,  and  again  west  of  these  an  isolated  hill  of  massive  quartz  or 
quartzite,  called  Caribou  Hill.  In  places  this  hill  shows  some  very 
rich  specimens  of  chloro-bromide  of  silver,  but  not  as  yet  in  any 
great  quantity. 

Due  south  of  the  town  and  west  of  the  main  gulch,  not  delineated 
upon  the  map,  is  a  high  mountain  of  massive  quartz  or  quartzite, 
whereon  are  situated  the  Hoosac  and  other  mines.  The  Hoosac  has 
yielded  large  quantities  of  antimoniacal  lead  ores,  some  of  which  M'ere 
very  rich  in  silver,  but  carried  no  gold. 

In  this  respect  they,  in  common  with  the  ores  found  in  the  sili- 
cious  lime  ridges,  differ  from  the  lead-bearing  ores  of  the  dolomitic 
limestone,  all  of  which  latter  carry  more  or  less  gold. 

Southwest  of  Caribou  Hill  we  come  to  Ajax  Hill  and  Ruby  Hill. 
The  former  is  merely  an  easterly  continuation  of  the  latter.  The 
quartzites  and  silicified  limestones  extend  in  a  northerly  and  southerly 
direction  from  Adams  Hill  on  the  north  to  and  beyond  the  Hoosac 
Mine  on  the  south.  A  heavy  line  of  calcareous  shales  is  found,  more 
or  less  continuously,  between  the  same  points.  They  seem  to  bear 
some  fixed  relationship  to  the  quartzites,  and  are  probably  the  rem- 
nants of  conformably  deposited  beds.     Back  of  Ruby  Hill,  to  the 
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south,  the  high  peak  of  Prospect  Mountain  towers  about  2000  feet 
above  the  valley.  It  consists  superficially  of  limestone,  and  has,  on 
both  flanks,  many  outcrops  of  ore  which  seem  to  occupy  a  succession 
of  gash  veins.  The  ore  is  quite  distinct  from  that  of  Ruby  Hill. 
On  the  western  side  of  the  mountain,  the  quartzite  reappears  and  ex- 
tends to  the  south  for  several  miles  in  the  direction  of  Spring  Valley. 
Still  west  again  we  find  the  limestones,  wherein  there  are  some  few 
minino;  locations.  The  limestones  extend  onward  to  the  west,  a 
distance  of  about  sixty  miles,  until  we  approach  Smoky  Valley, 
which  bounds,  on  the  east,  the  Toyabe  range  of  mountains,  in  which 
are  the  granite  formations  of  the  Reese  River  and  other  districts. 
To  the  east  of  Eureka,  the  same  broad  belt  of  dolomitic  limestone 
extends  quite  to  the  limits  of  the  Great  Basin,  and  is  broken  only  by 
the  valleys,  and  by  occasional  outpourings  of  the  volcanic  rocks,  and 
rare  appearances  of  the  deep-lying  granites. 

The  Eureka  limestones  carry  Silurian  and  Devonian  trilobites  in 
but  two  places,  as  far  as  known  at  present.  The  one  is  at  a  point 
near  the  northwesterly  end  of  Ruby  Hill  in  the  direction  of  the  ex- 
treme southerly  spur  of  Adams  Hill,  and  the  other  is  in  New  York 
Canon  directly  east  of  the  Mortimer  Mine,  at  a  point  about  2J  miles 
south  of  the  town.  These  fossils  are  all  small ;  the  largest  being 
about  the  size  of  a  finger-nail. 

GEOLOGY    OF    RUBY    HILL. 

The  geology  of  Ruby  Hill  is  quite  simple.  To  the  south  we  have 
a  belt  of  quartzite.  Just  south  of  the  claims  of  the  Eureka  Consoli- 
dated and  Richmond  we  find  the  quartzite  grooved  out,  and  forming 
a  narrow  gulch  running  down  to  the  valley  on  the  west.  Across  this 
small  g-ulch  it  rises  and  forms  a  small  bare  hill.  To  the  east  the 
quartzite  continues  along  the  K.  K.  and  Phoenix  claims,  and  then 
turns  to  the  southeast,  behind  the  claims  of  the  Jackson,  Jefferson, 
Shoo  Fly,  etc.  Superimposed  upon  the  quartzite  we  find  an  altered 
bed  of  dolomitic  limestone,  striking  easterly  and  westerly,  and  dip- 
ping to  the  north  and  northeast.  This  forms  the  mineralogical 
zone,  treated  in  this  paper  as  a  single  lode  or  vein,  whereon  are  lo- 
cated the  Tiptop  and  Richmond  claims,  the  Eureka  Consolidated 
claims,  the  K.  K.,  Phoenix,  Jackson  and  other  claims.  Beyond  and 
geologically  above  this  minei'alized  zone  or  vein  limestone  we  find  a 
more  or  less  conformable  belt  of  calcareous  and  argillaceous  shales. 
Still  further  to  the  north  and  east  we  find  the  horizontally  lying  beds 
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of  country  limestone,  in  wliich  are  occasional  intercalations  of  an 
earthy  stratum,  apparently  marl.  The  strata  of  the  country  lime- 
stone vary  in  thickness  from  an  inch  to  a  foot  and  over. 

THE    QUARTZITE. 

This  forms  the  footwall  of  the  metal-bearing;  zone.  Its  ";eneral 
course  through  Ruby  Hill  is  very  nearly  east  and  west,  and  its  dip 
is  variable,  being  sometimes  nearly  vertical,  and  again  quite  flat ;  on 
the  average  we  may  call  it  about  45°  northerly.  It  seems  to  have 
exerted  a  predominating  influence  on  the  deposition  and  distribution 
of  the  ore  bodies  in  the  vein  limestone.  As  early  as  1864  in  Mexico, 
and  subsequently  in  1867  in  Montana  Territory,  I  observed  that  the 
more  permanent  mines  in  the  dolomitic  limestones  were  always  found 
at  or  near  the  points  of  junction  with  the  quartzites,  thus  indicating 
that  the  latter  had  some  bearing  on  the  ore  deposition.  This  obser- 
vatioh  has  received  abundant  confirmation  from  the  ore  formation 
and  distribution  on  Ruby  Hill,  as  will  appear  more  fully  in  the 
following  pages. 

After  leaving  Ruby  Hill  proper,  and  just  before  coming  to  the 
Jackson  Mine,  we  find  the  quartzite  gradually  curving  around  to  the 
southeast  and  south.  This  change  of  direction  of  the  footwall  gives 
rise  to  two  anticlinal  folds  in  the  vein  limestone.  The  main  folding 
occurs  south  of  the  Ph(Denix,  and  accords  with  the  general  north  and 
south  lines  of  upheaval  of  the  district.  The  other,  or  minor  folding, 
occurs  on  and  near  Ruby  Hill,  where  the  vein  limestone  on  the 
south  side  of  the  hill  dips  to  the  south,  and  that  on  the  north  side 
dips  to  the  north.  As  a  consequence  of  the  variation  of  strike,  we 
find  the  quartzite  footwall  bulging  or  buckling  to  the  north,  and 
forming  great  capes,  or  promontories,  which  jut  out  into  the  vein 
limestone.  On  the  line  of  claims  heretofore  mentioned,  we  find  one 
very  large  and  two  smaller  promontories,  viz,,  one  at  the  seventh  level 
of  the  K,  K.,  where,  as  will  be  observed  on  the  map,  the  footwall 
drift  makes  out  far  to  the  northeast;  another  at  the  extreme  westerly 
end  of  the  fifth  level  of  the  Eureka  Consolidated,  where  the  footwall 
turns  suddenly  to  the  south;  and  another,  the  largest  of  all,  at  the 
ninth  level  of  the  Eureka  Consolidated,  where  its  thickness  is  shown 
by  the  straight  gallery,  to  be  over  200  feet.  These  capes  form  wide 
basins  between  them,  and  in  these  depressions  the  ore  is  accumulated. 
The  thickness  of  the  quartzite  footwall  has  not  yet  been  determined. 
The  K,  K,  has  driven  into  it,  at  one  place,  150  feet;  the  Eureka 
drifts  have  penetrated  it  from  250  to  300  feet,  and  the  Jackson  Com- 
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pany  has  explored  it  by  drifts  for  a  distance  of  nearly  750  feet.  The 
quartzite  on  the  plane  of  contact  with  the  vein  limestone  is,  almost 
universally,  stained  red  and  black  with  the  oxides  of  iron  and  man- 
ganese ;  and  where  the  surface  waters  have  percolated  along  it,  we 
find  it  soft,  decomposed,  and  covered  with  a  species  of  plastic  clay 
"  o^ouire,"  often  several  feet  in  thickness.  Where,  on  the  contrary, 
the  dip  is  steep,  say  from  80  to  85  degrees,  and  unexposed  to  the 
action  of  water,  we  find  it  hard,  and  in  close  contact  with  the  vein 
limestone.  Marks  of  motion  are  plainly  visible,  showing  the  eifeets 
of  the  sliding  of  the  limestone.  Often,  as  in  the  Phcenix,  we  observe 
the  clayey  face  of  the  footwall,  with  a  half  inch  of  manganese  matted 
upon  it,  hard,  and  polished  like  ebony,  with  deep  strire  running  up 
and  down.  Near  the  contact,  and  for  some  distance  away  from  it, 
we  often  find  the  footwall  irregularly  impregnated  with  iron  pyrites 
yielding,  on  assay,  small  amounts  of  gold.  In  but  a  single  in- 
stance has  this  pyrites  been  found  in  a  mass  of  any  magnitude,  viz  , 
near  the  bottom  of  the  Phoenix  shaft,  which  passed  through  it  for  12 
feet.  Such  contact  impregnations,  as  is  well  known,  are  quite  com- 
mon in  the  wall-rocks  of  metalliferous  veins. 

Near  the  vein  limestone,  the  quartzite  is  much  decomposed.  Back 
from  the  line  of  contact  it  is  hard  and  crystalline ;  so  hard,  indeed, 
that  it  requires  blasting,  and  shows  but  faintly  the  original  lines  of 
bedding.  At  one  time,  encouraged  by  traces  of  gold  and  silver,  the 
Eureka  miners  imagined  that  the  quartzite  would  prove  to  be  a 
ledge  of  milling  ore.  Many  feet  of  drifts  were  excavated  in  the 
hope  of  finding  pay  ore,  but  all  to  no  purpose.  The  rock  was  useful 
as  a  silicious  flux  for  a  temporary  overplus  of  iron  in  the  ore  from 
the  vein;  and  hence  the  cost  of  exploration  was  not  wholly  lost. 
Of  late  years  no  further  attemj)ts  have  been  made  to  find  "pay"  in 
it,  particularly  as  the  traces  of  gold  became  less,  the  further  the 
drifts  were  advanced  away  from  the  vein. 

THE    VEIX    LIMESTONE. 

During  the  progress  of  the  recent  litigation  between  the  Eureka 
Consolidated  and  the  Richmond  companies,  a  number  of  analyses 
were  put  in  evidence  by  both  parties.  We  have  three  by  Messrs. 
Luckhardt  &  liulin,  of  the  Nevada  Metallurgical  Works,  and  ten 
by  Prof.  Price  of  San  Francisco. 

Those  made  by  the  former  gentlemen  prove  the  vein  limestone  to 
be,  beyond  question,  a  typical  dolomite.  Pure  dolomite,  as  is  well 
known,  is  a  definite  compound  of  about  46   parts  of  carbonate  of 
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magnesia,  and  about  54  parts  of  carbonate  of  lime.  But  it  very 
often  happens  that  limestones  present,  to  a  greater  or  less  degree, 
mechanical  admixtures  of  the  carbonate  of  lime,  with  dolomite,  so 
that  geologists,  to  avoid  ambiguity,  make  use  of  the  terms  magne- 
sian  or  dolomitic  limestone.  Dana's  Mineralogy  gives  analyses  of 
dolomites  carrying  as  high  as  57  per  cent,  of  carbonate  of  lime,  and 
running  as  low  as  32  per  cent,  of  carbonate  of  magnesia,  with  some 
even  as  low  as  25  per  cent,  of  the  latter. 

Several  of  the  analyses  presented  by  the  Richmond  Company 
showed  the  rock  to  be  a  nearly  typical  dolomite,  and  but  a  single 
analysis  showed  it  to  contain  less  than  6f  per  cent,  of  the  carbonate 
of  magnesia. 

The  analyses  of  the  vein  limestone  made  by  Messrs.  Luckhardt  & 
Huhn  are  marked  Nos.  I,  II,  III,  as  follows : 


I. 

II. 

III. 

Carbonate  of  lime,  . 

52.04 

64.50 

59.23 

Carbonate  of  magnesia, 

4.3.24 

34.20 

36.63 

Oxide  of  iron  and  alumina,     . 

1.19 

0.70 

2.70 

Silica,       ..... 

1.65 

0.12 

0.43 

Alkaline  carbonates  and  loss, 

1.88 

0,48 

1.01 

Totals, 


100  00 


100.00 


100.00 


No.  I  was  a  sample  taken  from  the  main  drift  of  the  third  level 
of  the  K.  K.  mine,  100  feet  northeast  of  the  shaft. 

No.  II  was  a  sample  of  brecciated  matter  taken  from  the  tenth 
level  of  the  Eureka  Consolidated. 

No.  Ill  was  a  sample  taken  for  a  distance  of  twenty-five  feet  along 
the  main  drift  of  the  eighth  level  of  the  Richmond  Mine,  commencing 
at  a  point  about  125  feet  northeast  from  the  quartzite  footwall  of  the 
ledge. 

The  analyses  of  the  vein  limestone  made  by  Prof  Price,  marked 
from  No.  4  to  13,  both  inclusive,  are  as  follows : 


No. 

Carbonate 
of  lime. 

Carbonate 
of  magnesia. 

Carbonate 
of  iron. 

Alumina. 

Silica  and 

Silicate  of 
alumina. 

Totals. 

4 

53.14 

44.35 

2.32 

traces. 

0.12 

99.93 

5 

68.20 

25.21 

3.19 

traces. 

2.50 

99.10 

6 

79.25 

17.38 

1.17 

traces. 

0.71 

98.51 

7 

82.15 

14.06 

2.32 

traces. 

0.80 

99.33 

8 

85.32 

11.03 

0.87 

traces. 

1.83 

99-05 

9 

69.23 

9.82 

traces. 

19.60 

0.25 

98.90 

10 

89.20 

7.56 

1.59 

traces. 

1.69 

100.04 

11 

88..32 

6,83 

2.61 

traces. 

1.32 

99.08 

12 

89  26 

6.74 

1.88 

traces. 

1.13 

99.01 

13 

92.12 

1.06 

2.17 

traces. 

4.10 

99.45 
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No.  4  was  a  sample  taken  near  the  ore  at  the  Tiptop  incline  of  the 
Richmond  Mine;  No.  5,  soft  limestone  from  the  second  left-hand 
crosscut  from  the  main  Richmond  shaft,  near  the  end  of  the  drift  on 
the  800-foot  level ;  No.  6,  from  the  Bell  shaft  tunnel,  50  feet  from 
the  shale  towards  the  shaft;  No.  7,  from  the  end  of  the  Bell  shaft 
tunnel;  No.  8,  hard  limestone,  taken  from  the  800-foot  level  of  the 
Richmond  Mine,  inside  of  No.  1  winze;  No.  9,  from  the  stratum  on 
which  the  ore  rests  at  the  Tiptop  incline  of  the  Richmond  Mine; 
No.  10,  from  the  Bell  shaft  tunnel,  taken  a  few  inches  from  the 
line  of  contact  with  the  shale;  No.  11,  from  the  limestone  over- 
lying the  ore  body  in  the  Potts  Chamber,  between  the  fifth  and 
sixth  levels  of  the  Richmond  Mine;  No.  12,  from  several  places  in 
the  Lizette  tunnel,  between  the  Rossiter  incline  and  the  Champion 
"winze  up;"  No.  13,  from  a  point  near  the  Richmond  Boarding- 
House,  on  a  line  of  contact  with  the  shales. 

We  have  also  another  analysis  of  the  limestone,  marked  No.  14, 
which  was  made  from  a  sample  taken  at  a  point  from  the  top  of 
Ruby  Hill,  in  a  line  directly  south  of  the  Bell  shaft,  on  the  claim  of 
the  Eureka  Consolidated.  This  sample  was  analyzed  by  Messrs. 
Luckhardt  &  Huhn,  and  was  apparently  a  piece  of  nearly  purecalc- 
spar.  It  contained  carbonate  of  lime,  93.20 ;  carbonate  of  magne- 
sia, 1.68  ;  alumina  and  oxide  of  iron,  0.60  ;  silica,  2.05  ;  water,  0.12  ; 
and  alkaline  carbonates  and  loss,  2.35 ;  total,  100. 

None  of  the  samples  analyzed  for  the  Richmond  Company  were 
presented  in  court.  Hence  no  description  of  them  was  attainable, 
other  than  the  designation  of  the  localities  as  above  given. 

No.  13  of  the  Richmond  series  was  like  No.  14  of  the  Eureka 
series,  very  probably  a  piece  of  nearly  pure  calcspar. 

From  all  of  these  analyses  it  M'ill  be  apparent  that  even  the  seem- 
ingly pure  calcspar  is  more  or  less  magnesian.  Also  that  the  vein 
limestone  is  but  very  slightly  silicious. 

PHYSICAL    PECULIARITIES   OF   THE    VEIN    LIMESTONE. 

The  most  prominent  of  the  physical  ai)pearances  of  the  vein 
limestone,  is  an  entire  absence  of  stratification,  with  the  single  ex- 
ception of  a  small  space  of  the  surface  ground,  near  the  extreme 
western  point  on  Ajax  Hill,  near  the  dividing  line  between  the 
claims  of  K.  K.  and  Phoenix  companies. 

Here  the  apparently  stratified  limestone  conforms  in  both  strike  and 
dip  to  the  underlying  quartzite.     In  the  first  level  of  the  PhoBnix, 
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at  a  point  a  little  farther  east,  we  find  some  remnants  of  this  stratifica- 
tion. The  limestone  is,  however,  highly  charged  with  oxide  of  iron,  is 
soft  and  muddy,  and  crumbles  to  pieces  at  a  touch.  This  spot 
seems  to  have  escaped  the  general  crushing  of  the  strata.  On  the 
surface,  aside  from  the  ore  outcrops,  we  find  the  vein  limestone 
often  stained  red  and  black  with  the  oxides  of  iron  and  manganese ; 
also  ribbed  and  streaked  where  the  carbonate  of  lime  has  been  dis- 
solved out  by  the  pattering  rain-drops  charged  with  free  carbonic 
acid,  leaving  the  carbonate  of  magnesia  in  high  relief.  Below  the 
surface,  we  observe  that  the  vein  limestone  has  been  crushed  and 
shattered  in  every  conceivable  direction,  sometimes  in  huge  blocks, 
sometimes  roughly  crumbled  like  small  fragments  of  marble,  again 
crushed  or  disintegrated  more  finely,  like  coarsely  powdered  glass, 
and  still  again,  as  fine  as  the  finest  sand.  This  sandy  limestone — 
by  the  term  sandy,  we  describe  merely  its  mechanical  aggrega- 
tion— occurs  generally  over  the  ore  bodies,  and  rarely  on  the  foot- 
wall.  When  found  on  tlie  footwall  it  is  accompanied  by  large 
boulders  of  limestone,  which  appear  as  if  worn  and  rounded  by  the 
action  of  water. 

The  fine  material  frequently  gives  rise  to  what  the  miners  term  "  a 
run,"  filling  up  the  slopes,  mixing  with  the  ore,  and  causing  the 
workings  to  cave  in.  It  has  not  yet  been  analyzed,  but  is,  doubt- 
less, the  residue  of  the  less  soluble  portion  of  the  dolomite.  In 
color,  it  is  sometimes  nearly  white,  sometimes  ashy,  drab,  bluish  or 
reddish. 

The  vein  limestone  is  in  many  places  brecciated  and  cemented 
together  by  calcareous  exudations  or  infiltrations.  This  re-cementa- 
tion has  frequently  been  carried  to  such  an  extent  that  the  vein 
matter  has  lost  not  only  all  traces  of  its  original  stratification,  but 
appears  hard  and  compact,  and  rings  under  the  hammer.  Stains  of 
iron  and  manganese,  vugs  containing  low  grade  ore,  and  large  and 
small  cavities,  are  found  irregularlv  distributed  throuj^hout. 

These  caviti^  often  form  huge  natural  caverns  many  feet  in  extent, 
both  laterally  and  vertically,  the  sides  and  tops  of  which  are  covered 
with  glittering  stalactites  and  thick  incrustations  of  acicular  crystals 
of  arragonite.     In  the  bottoms  of  the  caves  ore  is  invariably  found. 

The  first  discovered  of  the  larger  caverns  was  near  the  surface,  on 
the  southern  side  of  the  hill,  beneath  the  original  ore-body  of  the 
Champion  claim.  This  was  from  30  to  40  feet  wide,  about  20 
feet  high,  and  some  60  feet  long.  It  lay  almost  in  a  direct  line 
above  the  latest  discovered  huge  cavern,  the  largest  of  all,  at  the 
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extreme  west  end  of  the  ninth  level  of  the  Eureka  Consolidated. 
Another  large  cavern  was  found  about  two  and  a  half  years  ago, 
above  the  so-called  fifth-level  bonanza  of  the  Eureka,  the  roof  of 
which  fell  in  and  crushed  through  three  levels  of  the  mine,  killing 
several  miners.  A  large  cavern  was  also  found  at  the  second  level 
of  the  K.  K.,  arid  in  a  line  therewith  a  series  of  such  caverns 
extended  downward  to  the  fifth  level,  where  one  could  advance  in 
an  easterly  direction  a  distance  of  150  feet.  Recently  a  large  cavern 
has  been  discovered  in  the  Jackson  Mine,  beneath  which,  as  is  usual, 
a  large  body  of  ore  appears. 

These  caverns  form  a  marked  characteristic  of  the  vein  limestone. 
They  are  nowhere  found  outside  of  the  mineralized  zone,  and  are 
due,  beyond  question,  to  the  easy  solubility  of  the  carbonate  of  lime 
in  surface  water  charged  with  free  carbonic  acid,  coupled  with  the 
peculiar  accessibility  of  such  Vv^aters  to  the  interior  of  this  crushed 
and  broken  zone.  Aside  from  the  numberless  fissurings  in  the  mass 
of  the  vein  limestone,  we  find  two  main  systems  of  fissure  planes; 
one  in  which  the  cross  fissures  run  nearly  north  and  south,  at 
right  angles  to  the  underlying  footwall,  and  the  other  more  or  less 
nearly  parallel  therewith.  An  exception  to  these  two  predominating 
lines  of  fissures  we  find  at  the  Lizette  tunnel  in  the  Richmond  Mine. 
Here  the  fissure  planes  have  the  appearance  of  nearly  level  floors. 
All  these  fissure  planes  are  strictly  internal,  are  confined  to  the 
mineralized  zone,  never  pass  out  into  the  underlying  footwall,  and 
never  penetrate  into  the  overhanging  country  rock,  and  hence,  in  no 
respect  resemble  veins  of  any  kind ;  they  are  strictly  suboixiinate, 
and  are  merely  local  phenomena  of  the  vein  as  a  whole. 

The  most  prominent  of  the  cross  fissures  is  to  be  seen  at  the  second 
level  of  the  K.  K.,  a  little  west  of  the  main  shaft.  It  runs  from  the 
hanging  wall  to,  or  nearly  to  the  underlying  quartzite,  has  upon  its 
sides  vertical  lines  of  motion,  and  reaches  above  the  level  a  distance 
of  55  feet.  It  dips  slightly  to  the  east.  Ore  was  found  upon  it 
a  short  distance  north  of  the  shaft,  and  thence  ^as  found  ex- 
tending back  to  the  footwall.  Here,  as  elsewhere,  under  similar 
conditions,  the  one  has  plainly  been  carried  forward  from  the  foot- 
wall along  the  fissure  plane,  and  its  position  on  the  footwall  cannot, 
by  any  stretch  of  imagination,  be  justly  attributed  to  the  fissure 
plane  itself  as  a  source  of  supply.  At  this  point,  the  K.  K.  second 
level,  ore  was  found  upon  the  cross-break  a  distance  of  nearly  200 
feet  from  the  footwall,  while  the  fissure  plane  extended  some  80 
or  90  feet  farther  in   the  same  direction,  without  any  ore  or  sign 
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of  ore,  quite  to  the  hanging  wall.  All  these  longer  fissure  planes, 
whether  forming  cross  breaks  or  parallel  breaks,  seem  to  have 
resulted  from  some  natural  disturbance  in  the  zone  of  mineralized 
limestone,  and  seem  to  bear  some  distinct  relationship  to  the  fold- 
ing, bulging,  or  slipping  of  the  underlying  ibotwall.  Beneath  the 
long  cross-break  at  the  K.  K.  second  level,  developments  have 
shown  a  sudden  sinking  or  falling  away  of  the  quartzite,  which  fact 
readily  accounts  for  the  vertical  Assuring  just  above  it. 

The  nearly  vertical  fissurings  in  the  Richmond  Mine,  which  that 
company  sought  to  have  recognized  as  a  distinct  vein,  were  not  verti- 
cally the  one  over  the  other,  but  were  at  each  succeeding  level,  fur- 
ther to  the  north.  The  footwall  beneath  them  has,  we  believe, 
caused  their  peculiar  formation.  As  yet,  the  quartzite  beneath  the 
Richmond  has  been  but  slightly  developed.  Enough,  however,  has 
been  shown  by  its  abrupt  change  of  course  at  the  extreme  end  of  the 
Eureka  fifth  level,  and  by  its  southerly  or  abnormal  dip  at  the 
southerly  end  of  the  Richmond  sixth  level,  to  warrant  the  conclu- 
sion that  these  fissurings  were  due  to  the  change  of  strike  and  dip  of 
the  quartzite.  To  account  for  the  floor-like  fissurings  at  the  Lizette 
tunnel,  we  need  only  note  the  fact  that  this  is  the  end  of  the  hill 
overlooking  the  valley,  and  hence  the  body  of  limestone  had  free 
scope  to  push  forward  or  slide  upon  itself.  Such  floor-like  As- 
suring could  not  occur  at  any  other  point,  for  the  reason  that  the 
vein  limestone  is  everywhere  else  closely  hemmed  in  by  the  adjoin- 
ing formations.  These  fissure  planes  all  have  a  marked  tendency  to 
approach  the  quartzite,  and  wherever  they  have  been  followed  down 
to  the  footwall  the  ore  is  found  extending  upon  the  footwall,  both 
above  and  below  them,  thus  again  showing  that  the  ore  upon  them 
Avas  taken  from  the  footwall.  In  the  vein  limestone  we  occasionally 
find  extravasations  of  crystallized  calcspar.  They  are,  however,  small 
in  extent,  and  of  such  rarity  as  hardly  to  be  worthy  of  mention. 

This  mineralized  zone  of  limestone  varies  in  width  from  a  few 
inches  up  to  450  feet,  both  distances  being  measured  at  a  right  angle 
with  the  underlying  quartzite.  Its  mean  width  is  about  250  feet. 
The  vein  has  a  greater  apparent  width  at  the  surface  near  the  centre 
of  the  Eureka  claims,  and  at  the  Richmond.  This  is  due  to  the 
crowding  over  of  the  limestone  to  the  south,  above  a  surface  fold  of 
the  quartzite,  whence  has  resulted  the  second  southerly-dipping  anti- 
clinal, heretofore  mentioned.  The  narrowest  portion  of  the  vein  is 
found  in  the  Jackson   claim,  where  the  abrupt  change  in  course  of 


360       THE    EUREKA    LODE,    OF   EUREKA,    EASTERN    NEVADA. 

the  footwall  has  so  far  pushed  out  the  quartzite  that  nothincr  but  a 
seam  of  ore  is  found  between  the  hanging  and  the  foot  wall. 

THE    CLAY   SHALE. 

Bounding  the  vein  limestone  on  the  north,  and  marking  the 
limits  of  mineralization  of  the  zone,  we  find  a  distinct  line  of  calca- 
reous and  argillaceous  shale.  This  shale  has  been  uncovered  in  the 
deep  workings  in  the  Jackson,  and  both  on  the  surface  and  in  the 
lower  levels  of  the  K.  K.,  Eureka,  and  Richmond  claims.  It  has 
been  traced  in  the  K.  K.,  on  the  third  and  fourth  levels,  a  distance 
of  nearly  200  feet  in  each ;  on  the  tenth  level  of  the  Eureka  about 
200  feet,  and  for  a  considerable  distance  on  the  seventh  and  eighth 
levels  of  the  Richmond. 

Its  general  course,  where  exposed,  after  leaving  the  Jackson,  is 
more  or  less  nearly  ten  degrees  north  or  south  of  an  east  and  west 
line.  Its  dip  is  much  steeper  than  the  average  dip  of  the  quartzite, 
varying  from  80  to  85  degrees.  It  is  plastic,  with  a  slightly  greasy 
look,  and  in  color  greenish  or  yellowish,  like  a  talcose  mineral. 
Although  containing  iron  it  is  never  reddened. 

We  have  three  analyses,  Nos.  XV,  XVI,  and  XVII,  of  this 
material,  made  by  Professor  Price,  as  follows: 

XV.         XVI.        xvir. 

Carbonate  of  lime, 66.92         10.29         26.12 

Carbonate  of  magnesia,     ....       1.96  0.75  1.05 

Carbonate  of  iron, 5.82  6.09         17.50 

Alumina,  ......    traces        traces        traces 

Silica  and  silicate  of  alumina,  .         .     24.81         82.21         54.50 

Totals 99  51         99.34         99.17 

No.  XV  was  a  sample  taken  from  the  Bell  shaft  tunnel. 

No.  XVI  was  a  sample  taken  at  the  foot  of  the  seventh  level  of 
the  Richmond. 

No.  XVII  was  a  sample  taken  from  the  face  of  the  eighth  level 
of  the  Richmond. 

Judging  from  these  analyses,  the  shale  is  simply  an  argillaceous 
material,  more  or  less  mixed  with  carbonate  of  lime.  The  shale  at 
the  Bell  shaft  tunnel  is  within  a  very  few  feet  of  the  surface,  and 
seems  to  carry  much  less  silicate  of  alumina  than  samples  talcen  from 
the  Richmond,  at  j)oints  700  and  800  feet  beneath  the  surface.  The 
percentages  of  clay  are,  however,  amply  sufficient  to  identify  all  three 
samples,  and  to  distinguish  them  from  the  vein  limestone. 
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EXTERIOR    LIMESTONE. 

Beyond  the  line  of  clay  shale  to  the  north,  we  find  a  second  body 
of  dolomitic  limestone,  which  forms  the  hanging  wall  country.  This 
is  distin^Hishable  from  the  vein  limestone  from  the  fact  that  it  con- 
tains  no  ore,  no  (taverns,  and  no  ore  stains  or  oxide  of  iron,  except 
at  two  isolated  minor  localities.  Near  the  surface  it  is  apparently 
unstratified,  or  shows  very  faint  signs  of  stratification.  Beneath  the 
surface,  on  the  contrary,  it  is  generally  very  plainly  stratified,  and 
has  its  lines  of  bedding  resting  upon  and  dipping  slightly  towards 
the  clay  shale. 

The  stratified  country  limestone  can  be  seen  to  the  best  advantage 
at  the  Jackson  mines.  This  company's  new  main  shaft  was  located 
at  a  point  several  hundred  feet  noi'th  of  the  quartzite  outcrop,  and 
was  sunk  a  distance  of  460  feet,  all  the  way  through  distinctly  strati- 
fied country  rock.  At  the  depths  of  300  and  460  feet,  levels  were 
driven  off  to  tap  the  vein.  Both  of  them  passed  through  the  strati- 
fied limestone,  cut  the  clay  shale  hanging  wall,  and  passed  into  the 
metamori)hosed  unstratified  vein  limestone,  through  which  they 
advanced  to  the  quartzite  footwall. 

We  have  three  analyses  of  this  material,  by  Messrs.  Luckhardt  & 
Huhn,  marked  Nos.  XVII I,  XIX,  and  XX,  which  prove  it  to  be  a 
typical  dolomite,  as  follows  : 


xviir. 

XIX. 

XX. 

Carbonate  of  limo, 

.     52.01 

54.34 

54  76 

Carbonate  of  magnesia,    . 

.     43.88 

43.49 

39.66 

Alumina  and  oxide  of  iron, 

.       1.13 

0.37 

1  74 

Silica, 

.       0.50 

1.79 

1  00 

AVater, 

0.09 

0  12 

Alivaline  carbonates  and  loss,  . 

.       2.39 

0.01 

2.72 

100.00       100.00       100.00 


No.  XVIII  was  taken  30  feet  north  of  the  clay  shale,  in  the  Bell 
shaft  tunnel. 

No.  XIX  from  a  point  120  feet  north  of  the  clay  shale,  in  front  of 
the  Bell  shaft  tunnel. 

No.  XX  in  the  third  level  of  the  K.  K.,  on  the  main  drift  easterly 
from  the  shaft,  from  a  point  about  six  inches  to  the  north  of  the 
clay  shale  hanging  wall. 
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We  have  also  some  analyses  made  by  Prof.  Price,  marked  Nos. 
21  to  27,  both  inclusive,  as  follows : 


No. 

Carbonate 
of  lime. 

Carbonate 
of  magnesia. 

Carbonate 
of  iron. 

Alumina. 

Silica  and 
Silicate  of 
alumina. 

Totals. 

21 

58.24 

37.80 

1.32 

1.02 

0.63 

99.01 

22 

68.23 

27 .46 

2.32 

traces. 

0  92 

98.93 

23 

52.92 

32.48 

3.62 

traces. 

10.15 

99.17 

24 

88.34 

4.98 

1..59 

traces. 

4.83 

99.74 

25 

91.61 

1.21 

1.59 

traces. 

4.73 

99.14 

26 

88.21 

1.36 

2.32 

traces. 

6.12 

98.01 

27 

92.60 

2.95 

0.87 

traces. 

1.62 

98.01 

No.  21,  was  taken  on  the  northern  side  of  the  hill,  very  near  the 
mouth  of  the  Bell  shaft  tunnel;  No.  22,  from  inside  the  Bell  shaft 
tunnel ;  No.  23,  from  a  small  shaft  between  the  Bell  shaft  and  the 
main  Richmond  .shaft;  No.  24,  a  sample  of  the  stratified  limestone 
taken  from  a  point  twenty  feet  from  the  end  of  the  seventh  level  of 
the  Richmond  Mine.  No.  25,  was  a  sample  of  the  stratified  lime- 
stone taken  from  a  point  on  the  eighth  level  of  the  Richmond  Mine 
near  the  line  of  contact  with  the  shale;  No.  26,  from  a  point  near 
the  Richmond  Boarding-House,  on  the  northwesterly  side  of  the  hill ; 
No.  27,  from  a  point  on  the  soutliwesterly  spur  of  Adam's  Hill,  to 
the  north  of  and  o])i)osite  to  the  Richmond  Boarding-House. 

The  specimens  from  which  these  analyses  were  made,  were  not 
shown  in  court,  and  hence  no  description  is  obtainable  beyond  the 
mention  of  the  localities.  It  will  be  observed,  however,  that  the 
analyses  Nos.  21,  22,  23,  from  samples  taken  from  the  Bell  shaft 
tunnel  and  its  vicinity,  correspond  satisfactorily  with  the  results 
obtained  by  Messrs.  Luckhardt  and  Huhn,  These  still  further  con- 
firm the  statement  that  the  rock  is  very  nearly  a  typical  dolomite. 
Every  sample,  without  exception,  proves  the  country  rock  to  be 
more  or  less  magnesian. 


MICROSCOPICAL    ANALYSIS. 

In  order  more  definitely  to  investigate  the  interior  or  vein  lime- 
stone, and  the  exterior  or  country  limestone,  specimens  of  each  were 
ground  down  to  a  thin  film  and  carefully  examined.  The  samples 
thus  selected  were  portions  of  the  same  pieces  from  which  analyses 
Nos.  2  and  19  were  made  by  Messrs.  Luckhardt  &  Pluhn.  The 
former  is  a  characteristic  sample  of  the  vein  limestone,  and  the  latter 
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of  the  country  limestone.  Examined  under  the  microscope,  the  ex- 
terior limestone  appeared  homogeneous,  while  the  vein  limestone,  on 
the  contrary,  showed  an  entirely  different  mechanical  aggregation  of 
the  particles.  The  different  particles  seem  to  be  cemented  together 
with  a  pasty  substance  in  a  manner  unlike  those  of  the  country  rock. 
Beyond  the  exterior  or  country  limestone,  we  find  a  comparatively 
broad  belt  of  highly  tilted  calcareous  shales,  which  have  been  here- 
tofore mentioned  iu  describing  the  general  geology  of  the  district. 

MAP    AND    MODEL. 

To  the  better  explanation  of  the  vein  phenomena  and  workings,  a 
complete  map  and  a  model  of  glass  were  made  by  Mr.  T.  J.  Read, 
C.  E.,  and  presented  in  court.  The  map  (Plate  YIII)  shows  on  a 
horizontal  projection  nearly  all  the  superficial  and  deep-lying  ore 
bodies,  as  well  as  all  the  main  shafts,  tunnels,  drifts,  winzes,  and 
connections  of  the  K.  K.,  Eureka  Consolidated,  and  Richmond 
mines.  The  foot  and  hanging  walls,  wherever  developed,  are  shown 
upon  it.  Each  of  the  levels  is  designated  •by  appropriate  numbers 
and  letters ;  and  the  ore  chambers  are  so  marked  as  to  correspond 
wath  the  respective  levels  whereon  they  are  found.  Low  grade  ore, 
and  ore  stains,  i.  e.,  oxide  of  iron,  carrying  traces  of  lead,  gold,  and 
silver,  are  indicated  by  shading  on  each  side  of  the  levels  and  winzes. 
The  workings  of  the  Phoenix  and  Jackson  claims  are  not  delineated 
upon  the  map. 

The  model  shows  the  principal  ore  bodies  in  the  vein  as  they 
appear  beneath  the  surface,  looking  through  the  hill  from  the  east, 
or  from  the  west.  (Stereoscopic  views  of  tliis  model  were  exhibited 
at  the  meeting.)  The  model  consists  of  sixteen  glass  plates  set  ver- 
tically one  inch  apart,  and  is  constructed  on  a  scale  of  100  feet  to 
the  inch.  Nos.  I,  II,  III,  IV,  and  V,  represent  vertical  sections, 
through  the  Richmond  Mine;  jS^o.  VI  represents  a  section  through 
the  end-lines  of  the  adjoining  patents  of  the  Eureka  and  Richmond 
claims.  The  remaining  plates  represent  sections  through  the  Eureka 
Mine. 

The  ore  bodies,  placed  upon  the  model,  show,  from  actual  survey, 
the  spaces  from  which  mineral  was  extracted  and  worked  in  the 
furnaces.  Around  and  particularly  beneath  nearly  all  of  them, 
large  masses  of  ore  are  still  left  standing,  which  are  of  too  low  a 
grade  to  be  worked  at  present.  Two  very  prominent,  and  at  one 
time  very  rich  ore  chambers,  to  the  south  of  or  below  the  surface 
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chamber  of  the  Champion,  are  not  delineated  either  upon  the  ma])or 
raodeh  This  was  owing  to  the  flict  tliat  a  survey  was  impossible 
because  they  were  long  since  worked  out,  and  have  caved  and  been 
filled  up.  Also,  quite  a  large  number  of  the  smaller  isolated  ore  bodies 
were  left  off,  either  because  they  came  between  the  jilates  or  because 
on  the  scale  of  100  feet  to  the  inch  they  would  have  to  be  represented 
by  small  dots.  The  contour  of  the  surface,  it  will  be  observed,  is 
represented  by  waving  lines,  and  the  places  of  the  hanging  and  foot 
walls  by  inclined  lines  on  the  north  and  south. 

With  a  few  explanations  the  map  will  be  fully  intelligible.  At 
the  lower  southwesterly  portion  we  find  the  Tip  Top,  Richmond,  and 
Lookout  claims  patented  to  the  Richmond  Company.  In  the  centre 
we  find  the  Nuget,  Champion,  At  Ijast  Margaret  or  Lupita,  Savage, 
Buckeye,  Mammoth,  Sentinel,  and  Elliptic,  belonging  to  the  Eureka 
Consolidated.     All  of  them  have  been  patented  except  the  last. 

The  original  workings  of  the  Richmond  were  at  the  Richmond 
Tiptop  incline,  whence  they  followed  down  on  a  series  of  more  or 
less  closely  connecting  ore  bodies  to  and  beneath  the  point  marked 
"  Potts  Chamber,  fifth  level."  Here,  it  will  be  observed,  the  shoot 
of  ore  has  passed  laterally  across  the  dividing  line  of  the  claims 
extended  on  the  dip  of  the  lode,  and  has  come  into  the  ground 
of  the  Eureka  Consolidated.  The  present  main  working  shaft  of 
the  Richmond  is  marked  "  Richmond  Shaft."  It  is  situated  on  the 
northerly  slope  of  the  hill,  about  200  feet  below  the  comb  of  the 
ridge,  which  passes  along  easterly  and  southeasterly  through  the 
Lookout  claim,  at  about  the  At  Last  Margaret  dividing  line.  From 
this  shaft  seven  levels  have  been  run  out  both  easterly  and  westerly. 
The  deposit  is  900  feet  from  the  surface. 

The  mines  of  the  Eureka  Consolidated  were,  like  those  of  the 
Richmond,  originally  worked  from  the  southerly  slope  of  the  hill. 
The  Eureka  workings  were  at  the  Champion  and  Buckeye,  and  on 
the  northeasterly  slope  at  the  surface  ore  chamber  of  the  Sentinel. 
The  old  shafts  marked  upon  the  map  are  the  Windsail  and  Buckeye; 
the  former  is  about  250  feet  deep,  and  the  latter  about  150  feet. 
Both  of  these  reached  the  quartzite.  Three  levels  were  run  off  from 
the  Windsail  shaft,  and  one  from  the  Buckeye.  Besides  these,  there 
were  quite  a  number  of  small  shafts  and  inclines  sunk  on  or  near  the 
footwall  on  the  Nuget,  Champion,  Savage,  and  Buckeye,  which  are 
not  delineated  on  the  map.  The  Bell  shaft,  on  the  northern  side  of 
the  hill,  was  sunk  a  short  distance  and  then  abandoned.  The  present 
main  working  shaft  of  the  Eureka  is  at  the  point  marked  "  Lawton 
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Shaft,"  on  the  extreme  easterly  line  of  the  Elliptic.  From  this  shaft 
nine  levels  have  been  driven,  tiie  deepest  being  730  feet  from  the 
snrface.  An  inner  level,  not  directly  connecting  with  the  shaft,  has 
been  rnn  from  the  bottom  of  the  100-foot  winze  at  the  point  9  V  on 
the  ninth  level.  The  first  level  of  the  Eureka  is  called  the  Lawton 
Tunnel.  It  connects  with  the  main  shaft  by  a  short  side  drift.  This 
tunnel  starts  in  the  narrow  ravine  below  or  to  the  east  of  the  K.  K. 
hoisting  works,  and  runs  entirely  through  the  hill  in  a  southwesterly 
direction.  It  passes  within  a  few  feet  of  the  Buckeye  shaft,  connects 
with  it,  and  also  with  several  of  the  old  ore  stopes  on  the  southern 
side  of  the  hill. 

The  K.  K.  has  four  minor  shafts,  and  one  main  working  shaft  on 
the  ground,  delineated  npon  the  map.  The  main  shaft  is  at  the 
point  marked  "K.  K.  Shaft."  From  it,  seven  levels  have  been  run 
out,  the  deepest  being  725  feet  below  the  surface. 

The  Richmond  shaft  enters  the  footwall,  between  its  sixth  and 
seventh  levels,  at  a  point  about  C50  feet  below  tlie  surface.  The 
Eureka  shaft  enters  the  footwall,  between  its  sixth  and  seventh 
levels,  at  a  point  about  450  feet  below  the  surface.  The  K.  K.  shaft 
enters  the  footwall,  between  its  fifth  and  sixth  levels,  at  a  point  about 
550  feet  below  the  surface.  The  collar  of  the  Richmond  shaft  is  170 
feet,  and  that  of  the  K.  K.  shaft  58  feet  below  the  collar  of  the 
Eureka  shaft. 

It  will  hence  be  observed  that  the  K.  K.  shaft,  lying  only  120  feet 
east  of  the  Lawton,  enters  the  footwall  at  a  point  158  feet  deeper  than 
the  latter.  This  statement,  showing  a  sudden  falling  away  of  quartzite, 
will  render  clear  the  explanation  as  to  the  K.  K.  second  level  cross- 
break,  heretofore  alluded  to. 

The  numbers  on  the  map  indicate  points  referred  to  in  the  evi- 
dence during  the  recent  lawsuit.  Where  a  number  is  followed  by  a 
letter,  the  former  indicates  the  level.  Thus,  8  H  is  the  point  H  on 
the  eighth  level.  Heavy  marking  of  the  sides  of  the  levels  indicates 
ore  or  "orey  matter,"  according  to  Mr.  Read's  testimony  in  court. 

ORES    AND    ORE    BODIES. 

All  the  ores  of  the  Eureka  lode  are  of  one  general  character.  They 
consist,  in  the  main,  of  highly  ferruginous  carbonates  of  lead.  Siib- 
ordinately,  we  find  oxide  of  lead,  arsenio-chloride  of  lead,  molybdate 
of  lead,  sulphate  of  lead,  arseniate  and  carbonate  of  iron,  oxide  of 
zinc,  galena,  iron  pyrites,  and  rarely  oxides  and  carbonates  of  copper. 
They  are,  in  a  word,  chiefly  oxidized  ores,  the  product  of  the  decom- 
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position  of  galena  and  of  iron  arsenical  pyrites,  all  canying  a  greater 
or  less  percentage  of  gold  and  silver.  The  workable  ore  ranges  in 
valne  from  $40  to  $70,  and  upward,  in  gold  and  silver,  with  from  16 
to  30  per  cent,  of  lead  to  the  ton  of  2000  pounds.  The  richest  ore  is 
that  species  of  carbonate  of  lead  called  by  the  miners  "  black  car- 
bonate." 

This  ore  carries  60  to  70  per  cent,  of  lead,  and  assays  in  gold  and 
silver  from  $100  to  $300  per  ton.  It  occurs  most  commonly  in 
streaks  and  masses  on  or  near  the  footwall. 

At  the  K.  K.  third  level,  we  find  a  huge  mass  of  nearly  pure 
quartz  ore  carrying  scarcely  a  trace  of  lead.  This  occurrence  is  en- 
tirely unusual  in  the  mines  of  Ruby  Hill.  This  ore  is  quite  rich  in 
gold  and  silver,  yielding  by  assay,  from  $25  to  $175  per  ton.  It  lies 
nearly  midway  in  the  ore  channel,  extends  above  the  level  about  25 
feet,  and  below  it  a  distance  of  about  45  feet ;  the  cross  drift  shows  its 
width  to  be  nearly  90  feet.  Its  length  has  not  yet  been  definitely 
developed.  Over  it  was  found  a  rich  streak  of  carl)onate  of  lead, 
which  dipped  down  behind  it  to  the  footwall.  The  quartz  is  not 
hard  and  compact,  but  has  a  sugary  texture,  as  if  deposited  from 
water.  It  lies  directly  beneath  the  narrow  gulch  which  heads  on 
Prospect  Mountain.  The  only  ore  ever  found  on  the  hill  resembling 
this  was  a  portion  of  the  outcrop  at  the  Buckeye,  which  was  very 
silicious.  The  ores  in  general,  as  well  as  the  vein  limestone,  carry 
very  small  amounts  of  silica. 

The  outcropping  of  ore  on  E,uby  Hill  was  originally  found  on  the 
Champion  and  Buckeye  claims  on  the  south  side.  It  appeared  here 
as  an  earthy-looking  oxide  of  iron,  with  which  some  carbonate  of 
lead  and  galena  were  intermingled.  This  ferruginous  matter  was 
found  irregularly  distributed  over  a  space  480  feet  in  width,  between 
what  is  now  called  the  Lupita  excavation  on  the  north  and  the  Buck- 
eye on  the  south.  To  describe  the  outcrops  in  their  order,  we  may 
begin  at  the  extreme  westerly  end  of  the  hill.  There  we  find  the 
Richmond  Tiptop  ore  body  appearing  in  a  small  cave  on  the  side 
of  the  hill,  and  two  or  three  smaller  bodies  of  low  grade  ore  at  the 
shafts  further  to  the  northwest.  Below  them  and  near  the  quarzite 
contact,  other  bodies  of  ore  were  subsequently  found. 

Between  the  Tiptop  incline  and  tiie  Champion  claim  we  find,  also, 
a  rather  prominent  outcrop  at  the  Virginia  or  Iron  shaft,  find  three 
minor  patches  of  low  grade  ore  at  the  points  marked  II,  III,  and 
IV  on  the  map.  Thence  proceeding  easterly,  we  find  the  large  sur- 
face chamber  of  the  Champion ;  then  the  huge  connected  outcrop  at 
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the  Buckeye  ;  thence  nearly  clue  east  we  find  the  surface  ore  cham- 
ber of  the  Sentinel ;  thence  easterly  again,  in  the  ground  of  the  K. 
K.,  we  have  the  Marcellina  outcrop,  most  unaccountably  left  off 
the  map  ;  thence,  in  the  same  direction,  we  have  the  two  outcrops  at 
the  two  small  shafts  in  the  gulch ;  thence  a  little  south  of  east,  and 
still  upon  the  K.  K.  claim,  we  find  the  Carson  outcrop ;  thence  south 
of  east  we  have  the  Deap  and  Phoenix  outcrops,  and  lastly,  south- 
east, we  find  the  Jackson  outcrop. 

Between  the  Jackson  and  the  Tiptop  we  can  enumerate  a  total  of 
thirty-four  outcrops,  all  of  considerable  extent.  Most  of  them  were 
originally  quite  small,  some,  like  the  Buckeye  and  Champion,  de- 
veloped to  an  enormous  extent.  The  extreme  points  of  these  claims 
are  over  800  feet  apart,  as  may  be  seen  upon  the  map,  and  the  ore 
has  been  traced  almost  the  entire  distance. 

"When  first  discovered,  the  ground  between  these  points  appeared 
to  be  nothing  but  limestone,  which,  however,  subsequently  proved  to 
be  merely  cropping  of  cemented  debris. 

The  largest  surface  body  visible  in  1869  and  1870  was  the  first 
bonanza  of  the  Jackson.  This  was  an  egg-shaped  mass  of  ore,  about 
70  feet  long,  20  feet  high,  and  30  feet  broad.  It  did  not  descend  to 
any  further  depth,  and  showed  no  visible  connection  with  any  other 
ore  body. 

The  Tiptop  outcrop,  as  already  stated,  was  found  inside  a  small 
cave.  So  little  did  it  attract  attention,  that  the  Richmond  locators, 
who  had  placed  their  notice,  as  is  reported,  at  the  Iron  shaft,  very 
near  it,  failed  to  observe  it.  They  took  no  steps  to  secure  it  until 
ore  was  found  in  it  by  the  Tijjtop  miners.  To  the  latter  it  pro}3erly 
belonged,  but  the  former  party  claimed  it  as  being  on  their  location, 
and  after  much  wrangling  the  dividing  line  was  fixed  at  the  cave. 

None  of  the  Buckeye  or  Champion  surface  ore  bodies  extended  to 
any  great  depth,  for  the  reason  that  the  quartzite  foot  wall  lay  close 
beneath  them^^to  Avhich  they,  in  almost  every  instance,  extended. 
The  exceptions  to  this  well-defined  law  of  the  ore  bodies  were  the 
first  surface  chamber  of  the  Champion,  and  some  minor  stringers  near 
the  Buckeye  shaft.  These  ran  up  the  hill  to  a  thin  point,  and  were 
in  shape  something  like  the  glass  Prince  Rupert  drops.  Beneath 
both,  however,  were  other  large  and  valuable  bodies  of  ore  which 
dipped  down  to  the  footwall. 

Pursuing  our  investigations  beneath  the  surface,  we  find  the  main 
ore  bodies  either  upon  or  tending  directly  towards  the  underlying 
quartzite.     Those  which  do  not  obey  this  law  are  simply  spurs  and 
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branches,  making  up  into  the  vein  limestone.  In  the  K.  K.,  below 
the  third  level,  all  the  ore  is  found  immediately  upon  the  contact. 
On  the  fifth  level  we  follow  the  pay  ore  along  the  quartzite  a  dis- 
tance of  nearly  300  feet.  The  new  fourth-level  ore  body  starts  in 
the  vein  limestone,  and  as  it  dips  will  soon  reach  the  quartzite. 

In  the  Eureka  we  find  the  ore  along  the  contact  for  a  distance  of 
50  to  150  feet.  The  largest  and  most  valuable  shoot  of  ore  ever  dis- 
covered in  this  mine  is  found  upon  the  quartzite  at  the  extreme 
westerly  end  of  the  fifth  level.  Here  the  footwall,  as  already  men- 
tioned, makes  a  sudden  bend  to  the  southwest,  and  upon  it  is  found 
a  thick  mass  of  rich  black  carbonate,  making  downward  on  both 
sides  of  the  promontory.  A  portion  of  this  ore  continues  down  on 
the  westerly  side  of  the  quartzite  cape,  passes  across  the  dividing  line 
of  the  claims,  and  becomes  the  property  of  the  Kichraond  Company. 
Another  and  probably  larger  portion  makes  its  way  downward  north- 
easterly along  the  contact  (not,  however,  with  uniform  and  connected 
richness),  till  it  expands  into  a  very  large  body  at  the  ninth  level. 
Here  we  find  a  huge  cavern  at  the  iiortiiwest  end,  in  and  beneath 
which  the  bonanza  attains  its  greatest  development.  Beneath  the 
ninth  level  the  ore  continues  downward,  on  the  line  of  contact,  as 
far  as  the  wcn'kings  extend,  a  distance  of  160  feet.  At  the  lowest 
point  a  level  has  been  driven  east  along  the  quartzite  over  200  feet, 
which  carries  high  grade  ore  the  entire  distance. 

The  Jackson  Mine,  also,  half  a  mile  to  the  southeast,  carries  fine 
black  carbonate  on  the  footwall,  at  the  460-foot  level,  for  a  distance 
of  about  200  i'eet.  The  ore  body  underneath  the  cavern  in  this  mine 
is  not  upon  the  footwall,  but  its  dip  is  such  as  will  certainly  carry  it 
to  that  point. 

The  Richmond  ore  bodies,  on  a  superficial  examination  as  far  as 
the  fifth  level,  would  seem  to  belong  to  a  different  system.  The  out- 
crop starts  in  limestone,  whence  the  ore  dips  down  gradually  to  the 
bottom  of  the  incline.  Here  we  find  the  stopes  extendifig  northeasterly 
and  quite  flatly,  to  a  point  a  little  beyond  the  northeasterly  side  line 
of  the  Lookont  patent.  At  this  point  we  pass  down  through  the 
Rossiter  Incline,  and  come  to  the  Flat  Chamber,  an  almost  horizontal 
body  of  ore.  Thence  we  pass  down  through  steep  winzes,  tiirough 
the  intermediate  levels,  until  we  come  to  the  Potts  Chamber.  The 
ore  is  not  contiiuunis  throughout  the  entire  distance,  but  is  broken  at 
two  places,  where  the  ore-stains  are  either  very  scanty  or  totally 
absent. 

Viewed  as  a  whole,  this  ore-shoot  is  made  up  of  a  string  of  ore 
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bodies  following  one  another  irregularly  downward  and  forward  to 
the  northeast.  The  developments  have  taken  this  direction  rather 
than  a  northerly  or  northwesterly  course.  Plad  the  latter  been  pur- 
sued, the  ore-shoot  would  very  likely  have  been  shown  to  connect 
with  the  ore-bodies  at  the  west  of  the  shaft  on  the  fifth  level. 

One  portion  of  the  Potts  Chamber  connects  with  the  quartzite. 
Low  grade  ore  and  ore-stains  are  found  upon  the  footwall,  and  from 
thence  to  the  ore  stopes  only  ten  feet  distant.  On  the  Richmond 
footwall,  at  the  point  09  B,  fine  carbonate  ore  is  found. 

It  will  thus  be  seen  that  the  Richmond  series  of  ore-bodic?,  like 
all  the  rest  in  the  mineralized  zone,  approach  the  footwall  in  depth. 
Below  the  Richmond  sixth  level,  in  the  drift  6  L,  low  grade  ore  is 
found  extending  southerly,  a  distance  of  fully  100  feet.  Directly 
opposite  to  this  drifr,  at  the  same  depth,  we  find  the  Eureka  drift, 
10  E,  advancing  to  meet  it;  ore-stains  and  low  grade  ore  are  found 
in  this  also.  There  now  remain  but  a  very  few  feet  to  connect  the 
two.  There  is  no  reason  to  doubt  that  the  low  grade  ore  will  con- 
tinue, and  thus  bring  the  Richmond  ore-shoot  definitely  down  to  the 
footwall. 

Besides  the  ore-bodies  in  or  near  the  quartzite,  we  find,  as  the 
waits  approach  in  dejith,  considerable  deposits  upon  the  hanging 
wall.  Still  again  we  find  numerous  isolated  bodies  away  from  either 
contact.  The  Eureka  has  uncovered  such  bodies  on  several  of  its 
levels.  The  Richmond,  also,  has  two  such  bodies  on  its  fifth  level 
west  of  the  shaft,  which  are  quite  large,  and  which  promise  to  be 
valuable. 

They  have  another  isolated  body  near  to  the  shaft  on  the  eighth 
level,  at  a  point  44  feet  away  from  the  footwall ;  also,  several  smaller 
bodies  in  the  winze  near  the  shaft  connecting  with  the  ninth  level; 
also,  at  several  places  in  the  Lizette  Tunnel.  In  addition  to  the 
isolated  bodies  just  enumerated,  we  find  low  grade  ore  and  ore-stains 
very  generally  scattered  througlnuit  the  vein  limestone  wherever 
drifts  have  penetrated  it. 

Assays  of  a  large  number  of  these  ore-stains,  taken  from  various 
localities  on  the  surface  and  beneath  it,  were  put  in  evidence  in  the 
recent  suit.  As  fair  samples  we  may  present  the  following:  No.  2, 
$12.55;  No.  3,  .$5.80;  No.  4,  $2.19;  No.  44,  $3.60;  No.  47,  $5.74  ; 
No.  48,  $3.92;  No.  49,  $3.14. 

Numbers  2,  3,  and  4,  were  from  the  surface  of  the  Richmond  at 
the  points  marked  on  the  Map  II,  III,  and  IV.     No.  44,  was  from 
VOL.  VI. — 24 
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the  extreme  westerly  end  of  the  Eureka  third  level ;  Nos.  47,  48, 
and  49,  were  from  the  Eureka  ninth  level. 

Ore  extends  in  the  JacksoirMine  from  wall  to  wall  at  the  point  on 
the  460-foot  level  where  the  quartzite  and  shale  come  nearly  together. 
A  like  phenomenon  is  visible  at  the  K.  K.,  third  level,  where  the 
walls  are  280  feet  apart. 

The  Potts  Chamber  also  touches  the  hanging  wall  at  the  bottom  of 
the  winze,  6  G,  on  the  sixth  level  of  the  Richmond,  and  comes  within 
ten  feet  of  the  footwall  at  the  point  on  the  level  above,  heretofore 
noted.  The  ore-bodies  generally  follow  the  depressions  of  the  foot- 
wall,  and  occasionally  pass  across  the  promontories. 

Those  in  the  Richmond  pitch  northerly  and  northeasterly;  those 
in  the  Eureka,  northerly,  northwesterly  and  northeasterly  ;  while 
those  in  the  K.  K.  pitch  mainly  northeasterly.  I  use  the  word  pitch, 
as  contradistinguished  from  dip,  to  denote  the  inclination  of  the  ore- 
shoots  laterally.  The  dip,  in  strictness,  must  be  at  right  angles  to 
the  course,  and  hence  does  not  describe  a  variation  from  that  direction. 

The  surface  map  exhibited  is  also  the  work  of  Mr.  Read,  whose 
skilful,  i)atient,  and  constant  labors  have  done  so  much  to  elucidate 
the  relations  of  the  ore-bodies  in  Ruby  Hill. 

Elaborate  maps  were  also  put  in  evidence  during  the  late  suit  by 
the  Richmond  Company,  prepared  by  their  surveyor,  Mr.  Wescoatt. 
The  company,  moreover,  exhibited  a  glass  model,  constructed  on  a 
different  system  from  that  above  described.  In  this  model  the  main 
sections  were  horizontal,  and  vertical  sections,  taken  at  will,  were  rep- 
resented by  introducing  vertical  glass  plates  between  the  horizontal 
ones.  The  effect  was  to  give  a  striking  representation  of  those  bodies 
of  ore  which  it  was  desired  to  emphasize,  and  to  omit  the  rest  almost 
entirely.  The  two  models,  reduced  to  the  same  scale  and  taken 
together,  would  have  given  a  far  more  complete  picture. 

It  will  sufficiently  appear  from  the  foregoing  description  that  the 
mineralized  limestone  zone  of  Ruby  Hill,  which  I  have  called  a  lode 
or  vein,  is  not  so  called  because  it  conforms  strictly  to  the  definition 
of  a  fissure-vein,  given  in  the  books.  The  term  has  been  used  in 
the  miners'  sense,  and  in  the  sense  in  which,  as  the  court  declared,  it 
is  employed  in  the  law.  At  the  same  time  my  object  has  been  to 
describe  fully  the  thing  itself;  and  if  any  exact  and  recognized  Eng- 
lish name  for  it  can  be  suggested,  I  shall  be  glad  to  hear  it.  The 
latest  writers,  at  home  and  abroad,  confess  that  the  deposits  of  lead 
ore  in  limestone  do  not  strictly  fall  under  the  old  Saxon  classifica- 
tion.    This  is  from  the  declaration  of  Prof  Cotta,  who  may  be  re- 
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garded  as  one  of  tlie  authors,  and  tlie  chief  representative  of  that 
classification.  But  I  leave  to  other  hands  the  theoretical  discussion 
of  the  phenomena,  and  of  the  principles,  both  of  geology  and  of 
mining  law,  illustrated  by  them. 


THE  EUBEKA-BICHMOND  CASE. 

BY   ROSSITER   W.    RAYMOND,  PH.D.,  NEW   YORK   CITY. 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

In  the  case  of  The  Eureka  Consolidated  Mining  Company  v.  The 
Richmond  INIining  Company  of  Nevada,  recently  tried  at  San  Fran- 
cisco, California,  the  real  defendant  was  the  Richmond  Consolidated 
Mining  Company,  of  London  ;  but  this  being  a  foreign  corporation, 
holds  its  mining  property  in  Nevada  through  the  Nevada  corpora- 
tion of  similar  name,  in  which  the  London  Company  owns  all  the 
stock,  except  the  few  shares  necessary  to  "  qualify  "  the  American 
directors.  The  trial  would  naturally  have  taken  place  in  the  Circuit 
Court  at  Carson  City,  Nevada,  and  before  a  jury.  But  by  stipula- 
tion of  the  parties,  the  case  was  tried  in  San  Francisco,  before  Hon. 
Stephen  J.  Field,  Justice  of  the  Supreme  Court  of  the  United  States, 
Hon.  Lorenzo  Sawyer,  United  States  Circuit  Judge  of  the  Ninth 
Circuit,  and  Hon.  E.  W.  Hillyer,  United  States  District  Judge,  for 
the  District  of  Nevada.  The  hearing  began  July  23d,  1877.  The 
witnesses  occupied  two  weeks,  and  the  argument  of  counsel  three 
days.  Very  eminent  lawyers  were  engaged  on  both  sides ;  for  the 
plaintiff,  Messrs.  Solomon  Heydenfeldt,  K.  S.  Mesick,  John  Garber, 
and  H.  J.  Thornton ;  for  the  defendant,  Messrs.  S.  M.  Wilson, 
Thomas  Wren,  and  J.  J.  Williams.  The  court  held  the  case  under 
advisement  until  August  22d,  when  Mr.  Justice  Field  delivered  its 
unanimous  opinion  in  favor  of  the  plaintiff.  The  action  was  a  com- 
plaint in  ejectment,  and  an  appeal  was  taken  to  the  United  States 
Supreme  Court.. 

The  questions  at  issue  between  the  Eureka  and  the  Richmond 
Company  in  this  suit,  comprised  several  points  in  the  construction 
of  the  mining  law  of  the  United  States,  and  its  relation  to  the  cus- 
toms and  regulations  of  the  mining  districts,  which  possess  an  impor- 
tance and  an  applicability  far  beyond  the  limits  of  the  case  in  which 
they  arose.     It  is  my  purpose  to  state  these  points,  the  arguments 
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concerning  them  on  both  sides,  and  the  grounds  on  which  they  were 
decided  by  the  court.  The  case  involved  also  an  interesting  discus- 
sion of  the  nature  and  process  of  formation  of  the  argentiferous  lead 
deposit  of  Ruby  Hill,  which  I  shall  attempt  to  sketch.  For  a  de- 
scription of  the  locality  and  its  vein-phenomena,  I  refer  to  the  elabo- 
rate paper  of  Mr.  W.  S.  Keyes,  which  is  presented  to  the  Institute 
simultaneously  with  this  one,  and  to  which  this  is  intended  as  a 
companion.  Mr.  Keyes's  paper  being  accompanied  with  accurate 
maps,  it  will  be  unnecessary  for  me  to  offer  any  such  illustrations  of 
the  statements  herein  made. 

The  contest  between  the  two  companies  turned  upon  two  questions  : 
First.  Are  the  two  mines  working  upon  the  same  vein  or  lode, 
within  the  meaning  of  the  law?  Secondly.  If  they  are  upon  the 
same  vein,  where  should  the  boundary-plane  be  drawn  between 
them?  And  if  upon  different  veins,  how  are  the  respective  rights 
of  the  parties  affected  by  the  locations,  patents,  and  former  agree- 
ments ? 

The  first  question  involved  two  inquiries.  The  first  of  these  re- 
lating to  the  nature  of  the  deposit  in  dispute,  and  the  theory  of  its 
formation,  possesses  a  scientific  interest  outside  of  its  application  to 
the  immediate  argument;  the  second,  relating  to  the  meaning  of  the 
terms,  "  vein,"  "  lode,"  and  "  ledge,"  as  used  in  the  United  States 
law,  is  universally  applicable  to  mines  held  by  titles  proceeding  from 
that  law. 

Again,  this  latter  inquiry  involves  an  investigation  of  the  popular 
and  scientific  usage  of  the  terms  referred  to,  and  of  the  bearing  of 
strict  geological  classifications  upon  questions  of  mining  rights. 

It  involves  also  a  determination  of  the  force  of  a  boundary-line, 
established  between  two  mines  on  the  surface,  and  the  direction  of  its 
projection  in  a  plane  underground. 

1.    THEORY   OF    THE    FORMATION    OF   THE    RUBY    HII.L    DEPOSIT. 

It  was  admitted  on  both  sides  that  the  ore-bodies  of  Kuby  Hill 
occur  in  a  zone  of  limestone,  lying  upon  quartzite,  and  highly  tilted 
and  broken  up;  that  none  of  the  fissures  in  this  limestone  had  been 
found  to  penetrate  the  quartzite  or  to  pass  beyond  a  certain  layer  of 
argillaceous  shale,  alleged  to  bound  this  limestone  zone  on. the  hang- 
ing-wall side.  This  clay  or  shale  has  been  exposed  in  numerous 
places,  by  cross-cuts  underground,  at  varying  distances  from  the 
quartzite.     It  is  also  visible  on  the  surface.     Tiie  experts  of  the 
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Eureka  Company  considered  it  to  be  demonstrated  as  a  continuous 
layer,  and  as  a  boundary  of  the  ore-bearinglimestone.  Beyond  it,  they 
found  limestone  again,  which  they  described  as  different  in  character 
and  appearance  from  that  within  the  ore-bearing  zone.  Microscopic 
slides  were  produced,  to  show  that  in  its  minute  structure,  the 
limestone  of  the  zone  shows  tlie  result  of  crushing,  disintegration, 
solution,  infiltration,  recementation,  and  mineral  deposition,  which 
are  comparatively  absent  from  the  exterior  overlying  limestone. 
Both  are  magnesian.  The  experts  of  the  Richmond  Company 
did  not  deny  (I  think)  that  the  layer  of  argillaceous  shale  or  clay 
might  be  continuous;  but  they  thought  this  was  not  proved,  and 
some  of  them  believed  the  different  exposures  made  of  it  to  have 
no  connection  with  each  other.  They  denied  also  any  essential  dif- 
ference between  the  limestone  within  and  without  the  alleged  zone. 
While  the  facts  as  there  developed  left  room  for  differences  of 
opinion  on  these  points,  the  great  preponderance  of  probability 
as  to  the  existence  of  a  continuous  boundary  on  the  north  of  the 
ore-bearing  limestone  zone,  in  the  form  of  a  layer  of  shale,  lies 
with  the  affirmative.  The  fact  is,  indeed,  as  clearly  proved  as  the 
nature  of  the  case  would  permit.  As  to  the  difference  in  the  lime- 
stones above  and  below  (north  and  south  of)  this  layer,  one  fact  was 
necessarily  admitted, — that  no  ore-bodies  have  been  found  near  it  on 
the  north  side,  while  the  limestone  zone  on  the  south  contains  numer- 
ous and  extensive  ones,  and  is  of  such  a  character  that  explorations 
anywhere  in  it  may  at  any  time  expose  ore.  The  bulges  of  the 
quartzite  footwall,  described  in  the  paper  of  Mr.  Keyes,  were  also 
admitted,  under  various  names,  by  all  the  experts.  Some  called 
them  capes  ;  some  spoke  of  the  intervening  spaces  as  bays  or  grooves 
in  the  quartzite.  Some  of  the  Hichmond  experts  did  not  consider 
these  irregularities  in  the  surfiice  of  the  quartzite  as  the  results  of 
pressure  and  ''  buckling,"  but  thought  they  might  have  existed  in  the 
surface  on  which  the  limestone  was  deposited.  This  view  was,  how- 
ever, not  seriously  insisted  upon,  and  certainly  does  not,  in  my  opinion 
agree  with  all  the  facts. 

According  to  the  theory  held  by  the  experts  of  the  Eureka  Com- 
pany, the  deposits  of  Ruby  Hill,  in  their  present  form,  are  due  to 
the  following  processes : 

The  quartzite  is  a  metamorphosed  sedimentary  rock.  It  has  been 
lifted,  with  the  superincumbent  limestone  strata,  to  its  present  posi- 
tion, by  forces  connected  Avith  the  general  upheavals  forming  the 
north  and  south  ranges  of  mountains  in  Nevada.    The  volcanic  rocks 
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appearing  to  the  eastward  are  probably  connected  with  the  same  pro- 
cess. But  it  is  noteworthy  that  the  qnartzite  under  Ruby  Hill  was 
lifted  along  a  line  departing  from  the  north  and  south  line  of  the 
mountains  of  which  Ruby  Hill  is  a  spur.  The  strike  of  the  Ruby 
Hill  quartzite  shows  moreover  that  it  was  curved  and  doubled,  as 
well  as  lifted.  The  result  of  this  movement  was,  that  the  quartzite 
layer  had  less  room  in  depth  than  along  the  present  outcrop,  and  the 
uplifted  qnartzite  formed  a  sort  of  basin,  buckling  or  bulging  in 
depth  near  the  points  of  greatest  curve  in  course.  But  this  buckling 
of  the  quartzite  could  not  take  place  without  intrusion  into  the  solid 
limestone  above,  and  hence  the  limestone,  subjected  to  oblique  up- 
heaval and  torsion,  and  to  the  intrusion  of  the  quartzite,  was  much 
more  violently  shattered  and  fissured  than  by  an  ordinary  upheaval. 
The  process  need  not  have  been  rapid ;  a  very  slow  operation  of  lift- 
ing, rubbing,  and  side-pushing,  from  the  underlying  quartzite,  would 
account  for  the  crushing  of  the  limestone,  and  for  the  existence  of 
smooth  planes  of  movement,  in  various  directions,  upon  masses  of 
limestone  not  crushed,  or  upon  aggregates  once  crushed  and  subse- 
quently cemented  together  again. 

This  action  was  limited,  comparatively,  to  the  zone  of  limestone  im- 
mediately overlying  the  quartzite.  In  this  zone  or  layer,  which  may 
have  been  from  two  hundred  to  three  hundred  and  fifty  feet  tiiick, 
there  appears  to  have  been  no  argillaceous  strata.  But  at  that  distance 
above  the  qnartzite  there  seems  to  have  been  a  bed  of  clay-shale  and 
lime-shale,  along  which  the  limestone  beds  in  process  of  upheaval 
and  contortion  could  part  and  slip.  The  slipping  is  traceable  on  the 
present  clay  hanging  wall  in  all  the  mines  of  this  series,  from  the 
Richmond  to  the  Jackson  ;  this  clay  being  the  remainder  of  the  for- 
mer laminated  beds,  from  which  percolating  water  has  removed  a 
portion  of  their  lime.  The  present  varying  thickness  of  the  clay  is 
due,  in  large  part,  to  the  effects  of  the  slipping,  which  has  rubbed 
it  thin  in  some  places,  to  bunch  it  up  in  others.  This  clay  dips  from 
the  surface  more  steeply  than  the  quartzite,  a  peculiarity  due  to  the 
internal  movements  of  the  limestone  zone  between  them.  There  is  no 
reason  to  doubt  that  the  contact-planes  between  shale  and  limestone, 
limestone  and  quartzite,  were  originally  parallel.  But  the  side-jire- 
sure  attending  the  upheaval,  causing  the  quartzite  to  buckle  or  bulge, 
and  intrude  upon  the  limestone,  not  only  crushed  and  shattered  the 
latter,  but  forced  it  to  move  in  considerable  masses  to  make  room  for 
the  intruding  "  capes,"  or  swellings  of  the  footwall.  These  might 
push  the  fragments  of  limestone  among  themselves  right  and  left,  as 
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well  as  up  or  down,  at  first ;  but  the  fragments  first  moved,  wedging 
among  the  pieces  of  broken  limestone,  still  in  place,  would  move 
them  in  some  direction ;  and  the  general  resultant  of  all  these  inter- 
nal movements,  would  be  to  drive  masses  of  fragments  or  solid 
wedges  of  limestone  upwards  toward  the  outcrop.  The  zone  of  lime- 
stone between  the  shale  and  the  quartzite  is,  therefore,  wider  near  the 
outcrop  than  it  is  below,  because,  near  the  outcrop  it  contains  lime- 
stone which  has  been  squeezed  and  jammed  up  into  that  portion  of 
it  from  portions  lower  down  on  the  dip.  The  lateral  movements 
within  the  ore-bearing  zone  were,  perhaps,  most  extensi\'e  in  the 
Jackson  JNIine,  where  rhe  quartzite  swings  round  to  what  appears  to 
be  its  regular  north  and  south  course,  and  the  convex  curve  of  the 
quartzite  has  crowded  the  limestone  aside  in  all  directions,  until  the 
clay  hanging  wall  and  the  quartzite  are  almost  in  contact,  with  a  seam 
of  ore  between. 

The  limestone  zone  thus  crushed  and  dislocated  presents,  on  a  large 
scale,  the  phenomena  described  under  the  head  of  "  Veins  of  Attri- 
tion "  {Contritionsgdnge),  in  the  treatise  of  Weissenbach,  published 
posthumously  by  Cotta,  in  the  first  volume  of  the  Gangstudien,  Frei- 
berg, 1850.  The  classification  is  partly  quoted  in  Whitney's  MetalliG 
Wealth  of  the  Umted  States,  Philadelphia,  1853.  Weissenbach  dis- 
cusses chiefly  under  .the  head  of  Contritionsgdnge,  the  processes 
by  which  fissure-veins  are  filled  to  greater  or  lesser  extent  with  the 
products  of  the  disintegration,  crushing,  etc.,  of  the  country  rock  of 
one  or  both  walls.  He  says  (p.  24),  that  in  consequence  of  the 
movements  of  the  walls,  aided  by  decomposing  influences,  ''  the 
whole  vein  itself  may  be  filled  up  with  such  crushed,  split,  shifted, 
and  cemented  fragments  of  the  country  rock."  After  describing 
these  phenomena,  as  presented  by  fissure-veins  intersecting  the  strati- 
fication, he  continues:  "Finally,  this  kind  of  products  of  crushing 
from  the  disintegrated  country  rock  occur  frequently  in  a  perfectly 
similar  manner  along  the  lines  of  stratification  and  cleavage  in  the 
older  schists."  It  is  evident  that  whether  the  plane  of  the  action 
be  that  of  a  fissure  across  the  stratification,  or  that  of  a  parting 
between  two  sedimentary  rocks,  or  two  layers  of  the  same  rock, 
the  effect  of  the  crushing  of  one  wall  to  a  certain  distance  by  the 
movements  and  pressure  of  the  other  wall,  would  be  to  produce  a 
zone  of  material  full  of  fissures  and  interstices.  And  the  aggregate 
of  these  interstices  and  fissures  would  constitute,  in  that  case,  the 
equivalent  of  a  "fissure  open  to  receive  liquid  solutions  or  gaseous 
emanations  of  metallic  ores,  just  as  we  say,  when  a  river  like  the 
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Humboldt  ceases  to  flow  visibly  on  the  surface,  but  continues  for 
some  distance  to  percolate  beneath  the  surface  througli  gravel  or 
sand,  that  the  interstices  in  this  material  are  the  equivalent  of  an 
open  channel.  In  a  zone  of  rock,  thus  shattered  and  dislocated,  the 
deposition  of  ore  may  take  place  from  the  same  causes,  and  in  the 
same  manner,  as  in  a  single  open  fissure. 

Into  the  limestone  zone  of  Ruby  Hill,  thus  prepared  as  a  matrix, 
heated  mineral  solutions  and  gases  are  believed  to  have  ascended, 
permeating  the  limestone  breccia  and  filling  the  interstices  with  me- 
tallic sulphides,  arsenides,  and  chlorides.  The  traces  of  this  original 
deposition  are  found  in  the  iron  pyrites,  arsenical  pyrites,  and  ga- 
lena, which  occur  sparingly  in  the  mines  at  present.  Probably,  these 
ore-bearing  solutions  entered  through  fissures  in  the  quartzite;  but 
these  may  be  at  greater  depths  than  will  ever  be  reached  in  mining. 
All  that  can  be  definitely  declared  is,  that  they  penetrated  through- 
out the  limestone  zone,  bounded  by  a  practically  water-tight  wall  of 
quartzite  on  one  side,  and  a  practically  water-tight  wall  of  clay  or 
shale  on  the  other.  If  this  process  had  gone  on  alone,  and  no  other 
change  had  followed,  we  might  expect  the  whole  zone  to  present  a 
network  of  small  threads,  seams,  druses,  and  nodules,  of  these  un- 
oxidized  ores.  Possibly,  there  would  have  been  considerable  bodies 
of  ore,  here  and  there,  but  the  probable  absenee  of  large  open  spaces 
in  the  limestone  would  not  have  favored  such  accumulations. 

During  this  process,  however,  and  particularly  after  it  had  im- 
pregnated the  zone  between  the  two  walls  described,  a  third  and  most 
important  process  began,  namely,  the  infiltration  of  water  from  above, 
the  effects  of  which  are  now  predominant  throughout  the  accessible 
portions  of  the  zone.  To  this  cause  are  to  be  ascribed  the  chemical 
changes  throughout  the  zone  which  precipitated  the  oxide  of  iron, 
arseniates  of  iron  and  lead,  carbonate  of  lead,  molybdate  of  lead, 
sulphate  of  lead,  sulphate  of  lime,  sulphate  of  magnesia,  "  black 
carbonate,"  etc.  Furthermore,  this  cause  produced  the  natural 
caverns,  by  enlarging  the  original  fissures  and  interstices  in  the 
crushed  and  broken  limestone.  All  that  is  necessary  to  effect  these 
results  is  the  presence,  dissolved  in  the  surfjice-waters,  of  carbonic 
acid  and  air.  But  the  transformation  of  sulj)hides  and  arsenides 
into  oxides  and  carbonates  is  attended  with  a  considerable  increase  of 
volume;  and  as  Bischof  has  shown,  with  regard  to  galena  and  cer- 
ussite,  in  his  Chemical  Geology,  a  part  of  the  oxidized  salts  is  car- 
ried away  in  solution.  This  agency,  together  with  the  transportation 
of  materials  in  suspension,  has  contributed  to  the  formation  of  large 
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ore-bodies,  which  are  accumulations  of  the  disseminated  minerals, 
once  more  widely  scattered  in  the  zone  from  the  quartzite  to  the 
shale.  These  minerals  have  been  oxidized  and  carried  along  in  solu- 
tion or  suspension,  to  be  deposited  or  precipitated  where  the  current 
was  interrupted,  or  some  convenient  bottom  or  cavity  was  encoun- 
tered to  receive  and  retain  the  deposited  material.  The  form,  size, 
and  position  of  the  ore-bodies  in  this  zone  of  cruslied  limestone,  and, 
in  general,  the  distribution  of  ore  in  the  zone  is,  according  to  this 
theorv,  the  final  result  of  several  processes,  the  last  of  which  has  de- 
termined the  present  condition  of  the  zone  in  these  resj)ects.  In  con- 
firmation of  this  view  numerous  fliets  may  be  cited.  For  instance, 
the  natural  caverns  found  in  the  mines  have  deposits  of  ore  in  and 
under  them.  There  are  seams  of  oxidized  material  along  the  quartzite 
footwall,  and  the  ore-bodies,  however  irregular  in  shape,  generally 
either  lie  on  the  footwall  or  tend  towards  it  in  depth,  precisely  as 
they  might  be  expected  to  do  if  deposited  by  waters  percolating  down- 
M'ards.  Where  the  footwall  is  steep,  there  is  less  ore  accumulated 
on  or  near  it;  where  it  is  flat  or  concave,  experience  in  the  K.  K. 
and  Eureka  mine-',  leads  the  miner  to  expect  large  ore-bodies. 

Another  confirmation  of  the  theory,  according  to  which  all  the  ore- 
bodies  in  this  zone  have  a  common  origin  and  are  related  to  one  an- 
other as  subordinate  features  of  the  same  deposit,  was  furnisjied,  some- 
what to  the  discomfiture  of  the  Richmond  party,  by  explorations  made 
in  the  mines  while  the  suit  was  pending.  These  explorations  estab- 
lished, beyond  dispute,  the  connection  of  the  ore-body  in  dispute  with 
the  footwall  seam  of  ore  and  with  an  ore-body  in  the  acknowl- 
edged ground  of  the  Eureka.  The  opportune  demonstration  of  this 
connection  merely  corroboi-ated  the  views  already  expressed,  on  other 
grounds,  by  the  Eureka  experts.  [I  should,  perhaps,  explain  that 
when  the  trial  of  the  case  began,  the  connection  of  these  two  ore- 
bodies  was  denied  by  the  Richmond  party,  and  through  a  consider- 
able part  of  the  trial  that  position  was  maintained.  The  testimony 
of  the  two  bodies  of  experts  was  somewhat  contradictory  as  to  the 
existence  of  any  clearly-traceable  seam  of  ore,  or  "  orey-matter," 
leading  from  one  to  the  other.  But  the  arrival  in  San  Francisco  of 
Mr;  Clarence  King,  who  had  remained  later  at  Eureka  than  any 
other  expert  on  either  side,  and  had  examined  openings  in  the  mines 
made  after  the  rest  had  gone,  changed  the  situation  materially.  Mr. 
King  testified  to  a  connection  between  the  two  ore-bodies,  and  the 
only  course  left  to  the  Richmond  party  was  to  claim  the  "  Eureka 
ninth-level  ore-body"  as  a  "spur  of  the  Richmond  vein."] 
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In  opposition  to  this  theory  of  the  formation  of  the  Kuby  Hill 
deposits,  the  experts  of  the  Richmond  Company  declared  that  the 
limestone  was  traversed  by  distinct  and  independent  fissures,  "or 
systems  of  fissures,"  of  which  the  Richmond  Mine  possessed  one, 
called  by  them  the  Richmond  vein ;  that  this  vein  could  be  traced 
from  the  surface  downward  through  all  the  workings ;  that  the  dis- 
puted "  Potts  Chamber  "  or  ore-body  belonged  to  it ;  that  it  possessed 
a  course  oblique  to  the  course  of  the  limestone  zone,  namely,  that 
the  Richmond  vein  coursed  west  of  north  and  east  of  south,  and 
dipped  (at  right  angles  to  this  course)  eastwardly  into  the  Eureka 
ground.  Since  the  "  fissure  or  system  of  fissures,"  thus  described, 
could  not  be  proved  to  extend  in  either  direction  beyond  the  lime- 
stone zone,  and  the  horizontal  extent  of  it  was  limited,  the  theory 
was  set  up  that  it  constituted  a  "  pipe-vein." 

This  name,  as  ap})lied  in  mining  literature  hitherto,  refers  not  to 
a  separate  ore-deposit,  but  to  what  we  call  an  ore-body,  or  "  chim- 
ney," of  a  certain  elongated  sliape,  lying  in,  or  connected  with,  other 
ore-deposits.  The  term  has  never  been  used  very  generally  by 
miners;  it  originated  apparently  in  Derbyshire;  but  its  use  even 
there  appears  to  have  died  out.  At  least  the  latest  writer  concerning 
that  district  does  not  employ  it;  and  it  has  survived  in  textbooks 
merely  by  the  process  of  quotation.  But  some  of  the  experts  who 
defended  its  use  in  the  present  case  declared,  that  if  they  had  never 
before  seen  or  heard  of  a  pipe-vein,  they  would  feel  justified  in  in- 
venting the  term  ft)r  the  Richmond  deposit.  To  this,  as  a  piece  of 
scientific  classification,  there  would  be  several  objections.  In  the 
first  place,  it  is  always  unwise  to  revive  an  old  and  obsolescent 
term  in  a  new  sense.  In  the  second  place,  the  naming  of  an  ore- 
deposit  merely  according  to  its  form,  is  not  scientific.  It  is  true 
that  names  now  exist,  inherited  from  the  miners,  and  conveniently 
related  to  systems  of  exploitation,  which  have  no  better  foundation 
than  the  form  of  the  deposit.  But  geologists  are  well  aware  that 
the  use  of  these  names  often  involves  the  confusion  of  real  distinc- 
tions and  the  concealment  of  real  similarities.  At  a  time  when  men 
of  science  are  seeking  to  'frame  a  classification  of  ore-deposits  repre- 
senting their  true  genesis  and  relations,  it  seems  puerile  to  propose 
a  new  class,  ditfering  from  known  classes,  not  in  chemical  or  min- 
eralogical  features,  or  method  of  formation,  but  simply  in  the  form  of 
the  paying  ore-body.  It  is  true  as  Posepny  has  well  shown  in  his 
treatise  on  the  lead  deposits  of  Caririthia,  and  as  Cotta  long  ago 
admitted,  that  metalliferous  formations  like  the  whole  zone  of  Ruby 


THE    EUKEKA-RICHMOND    CASE.  379 

Hill  require  to  be  classed  by  themselves.  A  new  name,  even  if  it 
were  a  good  one,  might  be  acceptable;  but  it  is  needed  for  the 
whole  formation,  not  for  a  small  interior  feature  of  it.  In  the  essay 
already  referred  to,  Posepny  forcibly  shows  how  by  the  adoption  of 
such  ])artial  diagnosis,  the  several  parts  of  one  and  the  same  ore- 
deposit  have  been  classed  as  deposits  of  different  kinds,  and  fissure- 
veins,  contact-veins,  beds,  stockworks,  and  impregnations  have  been 
mixed  together  in  wild  confusion. 

But  the  Ilichmond  pipe-vein  either  in  the  old,  "  historical,"  or 
the  new  "actual"  sense  of  the  name,  has  ceased  for  all  parties. 
Explorations  made  during  the  trial,  and  continued  since,  have 
demonstrated,  in  the  second  and  fourth  levels  of  the  liichmond 
Mine,  a  large  and  rich  body  of  ore — the  most  valuable,  perhaps, 
that  has  ever  been  exposed  in  the  mine — lying  on  the  quartzitc,  and 
completely  contradicting  by  its  form,  position,  and  direction  the 
"  pipe-vein  "  theory.  But  for  adherence  to  that  theory,  this  body 
could  have  been  discovered  earlier.  Its  discovery  and  exploitation 
now,  confirm  the  opinion  expressed  in  San  Francisco  by  the  writer, 
that  the  degree  of  apparent  unity  and  continuity  of  the  ore-bodies 
constituting  the  Ilichmond  "  vein,"  was  due  rather  to  the  form  of 
the  underground  workings  than  to  the  distribution  of  ore  in  the 
zone.  In  other  words,  by  selecting  certain  bodies  and  their  con- 
necting clefts,  and  pursuing  these  upon  a  theory,  without  exploring 
ground  outside  of  them,  a  delusive  appearance  was  given  (not  inten- 
tionally, but  almost  inevitably)  to  the  underground  exposures.  The 
Eureka  Company,  exploring  systematically  along  the  quartzite  foot- 
wall,  and  cross-cutting  to  the  shaft  at  intervals,  obtained  a  much 
clearer  view  of  the  whole  zone.  The  Richmond  Company,  follow- 
ino;  a  single  direction,  deceived  itself  into  the  belief  that  its  ore- 
bodies  were  not  distributed  through  the  limestone  like  those  of  the 
Eureka,  and  that  they  had  no  such  relation  to  the  quartzite  footwall 
as  was  admitted  to  have  been  shown  in  the  Eureka.  But  now  the 
simple  adoption  of  the  Eureka  system  of  exploration  puts  a  new 
face  on  the  whole  matter.  The  zone  is  proved  to  be  similar 
throughout.  Nature  did  not  draw  the  boundary  line  between  the 
two.  mines,  and  operate  differently  on  the  two  sides  of  it.  It 
was  men  who  created  both  the  arbitrary  line  and  the  imaginary 
difference.* 

*  Since  the  reading  of  this  paper,  the  work  in  both  mines  has  further  confirmed 
these  conclusions  ;  and  has  proved,  moreover,  so  enormously  profitable  to  the  two 
companies,  that  even  the  parties  defeated  in  the  late  contest  may  well  aflbrd  to 
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2.    PRACTICAL    UNITY    OF   THE    RUBY    HILL    DEPOSIT. 

But  the  geological  argument  -was  not  the  essential  or  controlling 
one  in  the  late  suit.  The  theory  adopted  by  the  Eureka  experts 
might  have  been  })roved  wholly  at  fault  as  to  the  manner  of  origin 
of  the  deposit;  and  still  the  question  would  have  remained,  whetlier 
in  view  of  all  the  facts,  the  limestone  zone  of  Ruby  Hill,  definitely 
bounded  between  two  walls,  and  carrying  throughout  irregular 
bodies  of  the  same  ore,  was  not  a  lode  or  vein  within  the  meaning 
of  the  law?  It  is  true  that  the  theory  above  referred  to,  by  showing 
a  unity  of  origin,  and  by  ascribing  the  present  form  and  position  of 
the  ore-bodies  in  a  great  degree  to  secondary  action,  strengthened 
the  Eureka  case.  But  without  any  theory  at  all,  the  case  was 
strong;  and  the  decision  of  the  court  indicates  that  quite  apart  from 
the  struggle  which  so  deeply  interested  the  experts,  fact,  not  iheory, 
won  the  day. 

It  is  a  well-know^i  principle  that  the  law  follows  the  ordinary, 
popular  meaning  of  words,  where  it  does  not  itself  define  them.  The 
meaning  of  the  terms  "  lode,"  "  vein,"  and  "ledge,"  M-hich  seem  to  be 
employed  as  synonymous  in  the  law,  is  made  clear  by  the  following 
considerations. 

1.  These  terras  are  all  drawn  from  the  miner's  vocabulary,  and 
in  their  origin  were  applied  indifferently  to  fissure-veins,  contact-veins, 
segregations,  and  even  to  beds.  The  word  "lode"  is  a  corruption 
of  "  lead,"  and  signifies  at  bottom  merely  tlie  channel  in  the  rocks 
which  leads  or  guides  the  miner.  Its  use  in  tiie  compound  "lode- 
stone"  has  the  same  significance.  Tiie  German  word  Gang  is  from 
gehen,  "to  go;"  and  it  meant  at  first  simply  the  way  or  path  of  the 
ore.  It  is  quite  true  that  scientific  writers  have  adopted  these  words 
in  a  narrow  sense,  often  prefacing  them,  however,  with  defining 
terms  (fissure-vein,  true  vein,  loahrcr  Gang,  Spaltungsgang).  But 
the  wider  sense  is  not  obsolete. 

2.  Present  usage  among  miners,  engineers,  geologists,  and  even 
authors  shows  the  force  of  the  words  to  go  beyond  the  technical 
definitions.  Thus  we  hear  of  coal  veins,  of  the  magnetite  veins  of 
New  Jersey,  of  the  copper  veins  of  Ducktown,  Tennessee,  and  many 
other  cases  in  this  country,  in  which  the  ore-deposits  are  admitted 

bo  content  with  a  "  formation  "  po  much  better  for  their  interests  than  they  were 
willinij  to  believe  it.  Sec  the  Report  of  the  Eiohmond  In^'cgtiijatinc;  Committee 
(London,  May,  1878),  and  articles  thereon  in  the  Engineering  and  Mining 
Journal  of  July  13,  20,  and  27. 
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to  be  beds.  In  England,  and  even  in  Europe,  the  same  thing  may 
be  observed,  though  it  is  more  common  in  the  English  language 
than  fUewhere,  because  that  language  lacks  a  convenient  term  to 
designate  a  mineral  deposit,  the  precise  character  of  whicth  has  not 
been  ascertained.  Miners  finding  an  outcrop  call  it  a  vein,  or  ledge, 
or  lode  at  once,  before  they  know  more  about  it ;  and  the  name 
sticks  to  it  in  spite  of  subsequent  explanations.*  ^ay,  even  the 
scientists  themselves,  after  clearly  explaining  the  technical  sense  of 
the  term,  drop  comfortably  into  the  popular  senscf 


*  In  order  not  to  burden  this  paper  with  citations,  I  here  group  together  a 
number  of  references,  going  to  show,  fir?t,  the  nature  of  the  definition  of  a  lode, 
and  the  transition  of  one  class  of  ore-dipi>sits  into  another;  secondly,  the  adop- 
tion of  the  popular  usage  by  authors,  wlio  apply  the  terms  "  vein  "  and  "  lode  '' 
to  deposits  not  fissure-veins,  and  even  to  beds;  thirdly,  the  peculiar  nature  of 
lead  ore  deposits  in  magnesian  limestone;  and,  fourthly,  the  nature  of  "pipe- 
veins."     The  authorities  are  : 

Colta's  Ore  Deposits  (Prime's  translation),  pp.  2«,  155,  157,  178,  179,  182,  185, 
252,  254,  269,  332,  333,  334,  388,  431,  432,  479,  497. 

Grimm's  Erzlagerstjit'en  (Pribram,  18B9),  pp.  15,231. 

De  la  Beche's  Geological  Observer,  p.  644. 

Gaetzschmann's  Auf-und  Untersuchung,  etc.  (Freiberg),  p.  70. 

Whitney's  Metallic  AVealth  of  the  United  States  (Philadelphia,  1854),  pp.  40, 
187,  189,  190,  273,  302,  302,  303,  312,  322,  323,  324,  347,  361,  3e35,  370,  373,  374, 
377,  378,  395,  414,  412,  432. 

Posepny's  treatise  on  the  lead  and  zinc  deposits  of  Carinthia  (Geologische 
Reichsanstalt,  Vienna,  1873),  p.  390,  410  and  passim.  Tiiis  is  a  very  strong 
authority,  being  recent,  eminent,  and  thorough;  and  being,  moreover,  based  on 
the  study  of  deposits  strikingly  similar  to  those  of  Ruby  Hill.  I  believe  that 
Mr.  Po?epny  has,  during  a  recent  visit  to  this  country,  himself  visited  Eureka, 
and  recognized  the  similarity.  It  is  sufficiently  evident  from  a  study  of  the 
maps  of  the  mines.  This  author  proposes  the  term  "  typhon-formation  "  for 
such  depc^sits,  in  allusion  to  the  geode-structure  of  the  ore-bodies. 

Henwood  on  Metalliferous  Deposits,  Part  i,  jip.  619,  620.  This  authority  was 
quoted  incautiously  on  behalf  of  tiie  Richmond,  in  the  trial,  because  it  mentions 
a  "pipe-vein  "  But  an  examination  of  the  passage  shows  the  pipe-vein  to  be 
included  in  a  "  lode  ''  of  limestiine  ! 

It  would  be  easy  to  multiply  authorities  on  the  points  referred  to;  but  I 
forbear. 

f  Since  presenting  this  paper,  and  preparing  it  for  publication,  I  have  received 
from  Dr.  Foster  a  copy  of  his  paper  on  the  Great  Flat  Lode  in  Cornwall, 
printed  in  the  Quarterl3^  Journal  of  the  Geological  Society  for  August,  1878. 
The  following  passage  bears  directly  upon  one  of  the  questions  involved  in  the 
case  discussed  in  this  paper  : 

"The  terms  lode  or  mineral  vein,  commonly  regarded  as  synonynnms.  are 
usually  taken  to  mean  the  mineral  contents  of  a  fissure.  ...  I  liave  endeav- 
ored to  show  in  paragraph  ii,  that  the  Great  Flat  Lode  is,  in  the  main,  a  band 
of  altered  rock.  3Iuch  of  the  veinstone  extracted  from  scune  of  the  largest  Corn- 
ish mines,  such  as  Dolcoalh,  Cook's  Kitchen,  Tincroft,  Cam  Brea,  and  Phoenix, 
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3.  The  law  itself  makes  but  two  classes  of  metalliferous  deposits, 
namely,  "veins"  or  "lodes,"  or  "ledges"  of  "rock  in  place,"  and 
placer  deposits.  Tiie  inference  is  clear  that  the  first  class  includes 
more  than  technical  fissure-veins  merely.  But  this  inference  is 
raised  to  certainty  by  the  express  inclusion  of  quicksilver  deposits 
under  the  terms  referred  to,  and  the  actual  location  and  purchase  of 
such  deposits  under  the  law,  although  they  are,  in  this  country  at 
least,  not  fissure-veins,  but  impregnations  and  masses  of  ore  distribu- 
ted througii  zones  of  rock. 

Now  in  the  case  of  Ruby  Hill,  the  "  rock  in  place,"  contemplated 
by  the  law,  is  plainly  the  limestone  zone,  and  the  limestone  zone, 
therefore,  is  in  the  eye  of  the  law,  for  the  purposes  of  the  law  (and, 
as  it  has  now  turned  out,  for  the  purposes  of  the  miner  also),  the 
lode.  That  it  is  a  fissure-vein,  nobody  ever  pretended.  Tiiat  its 
not  being  a  fissure-vein  could  prevent  its  being  located  and  held 
under  United  States  law,  nobody  ought  to  have  pretended.  The 
principle  followed  in  this  part  of  the  decision  of  the  court  is  simply 
common  sense.  It  has  been  asserted  by  over-hasty  or  interested 
critics  that  the  application  of  this  principle  will  unsettle  many  min- 
ing titles.  This  is  not  true.  There  is  nothing  in  the  decision  which 
involves  the  conclusion  that  has  been  drawn  from  it,  that  whole 
mountain  ranges,  or  whole  mining  districts,  must  be  held  to  be 
single  veins.  The  courts  will  continue  to  investigate  facts;  and 
when  the  facts,  interpreted  by  common  sense,  prove  a  given  zone  of 
rock  to  be  in  the  practical  sense  and  for  practical  purposes  a  vein, 
they  will  not  feel  bound  to  call  upon  learned  geologists  to  say  whether 
it  is  a  fissure-vein;  that  is  all.     The  law  is  confessedly  loose  and  de- 

f(U-  instance,  closely  resembles  the  contents  of  the  Great  Fiat  Lode,  and  was 
probably  formed  in  a  similar  manner;  indeed,  I  question  very  much  whether  at 
least  half  the  tin-ore  of  the  county  is  not  obtained  from  tabular  masses  of  stan- 
niferous altered  granite.  If,  then,  many  of  the  important  lodes  of  such  classic 
ground  as  Cornwall  do  not  satisfy  the  common  definition,  one  of  two  things 
ought  to  be  done  :  either  the  miner  should  give  up  the  term  lode  for  these  reposi- 
tories, or  else  the  meaning  attached  to  the  word  by  geologists  should  be  extended. 
I  need  hjirdly  say  that  the  first  alternative  is  not  liUely  to  be  adopted  ;  nor  do  I 
think  it  is  one  to  be  recommended  ;  for  1  believe  that  one  and  the  same  fissure 
travcr.-inii;  killas  and  granite  may  pruduce  the  two  kinds  of  lodes.  ...  I  should 
propose,  tlierelore,  that  the  term  lode,  or  mineral  vein,  should  include  not  only 
the  contents  of  ri>siiri's,  hut  also  such  tabular  masses  of  metalliferous  rock  as 
those  I  have  been  describing.  ...  If,  however,  this  course  should'  be  thought 
on  the  whole  undesirable,  the  geologist  and  miner  must  agree  to  dift'er  in  their 
language ;  and  some  of  the  lodes  of  the  latter  will  have  to  be  designated  as  tabu- 
lar stockworks  bv  men  of  science." 
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fective.  Probably  we  shall  never  have  a  law  free  from  difficulty  in 
administration  until  the  system  of  vertical  boundary-planes,  now 
prevalent  in  our  older  States  and  elsewhere  throughout  the  world,  is 
adopted.  But  we  are  still  far  from  that  happy  time  ;  and  meanwhile, 
the  decision  in  this  case  has  done  much  to  put  an  end  to  pedantic 
constructions  which  aggravate  existing  evils.  The  admirable  lan- 
guage employed  by  Mr.  Justice  Field,  in  announcing  the  decision  of 
the  court,  completely  states  the  case.  He  says  :  "  It  is  difficult  to 
give  any  definition  of  the  term  (lode)  as  understood  and  used  in  the 
Acts  of  Congress,  which  will  not  be  subject  to  criticism.  A  fissure 
in  the  earth's  crust  .  .  .  would  seem  to  be  essential  to  the  defini- 
tion of  a  lode  in  the  judgment  of  geologists.  But  to  the  practical 
miner,  the  fissure  and  its  walls  are  only  of  importance  as  indicating 
the  boundaries  within  which  he  may  look  for  and  reasonably  expect 
to  find  the  ore  he  seeks.  .  .  .  We  are  of  opinion,  therefore,  that  the 
term  as  used  in  the  Acts  of  Congress,  is  applicable  to  any  zone  or  belt 
of  mineralized  rock  lying  within  boundaries  clearly  separating  it 
from  the  neighboring  rock." 

3.    THE    FORCE    OF    UNITED   STATES    PATENTS. 

The  Richmond  party  contended  for  the  following  points,  involving 
questions  of  general  importance  to  American  miners: 

1.  It  was  contended  that  certain  patents  put  in  evidence  by  the 
Eureka  were  void  on  their  face,  because  they  covered  locations  of 
which  the  end-lines  were  not  parallel,  whereas,  the  law  of  1872, 
under  which  they  were  granted,  requires  that  the  end-lines  shall  be 
parallel.  As  to  tliis  point,  the  court  held  that  the  defect  did  not 
void  the  patents,  nor  concern  the  Richmond  Company.* 

*  The  precise  language  of  tlie  decision  is,  "  In  the  first  place,  it  does  not  appear 
upon  what  locations  the  patents  were  issued.  They  ma\'  have  been,  and  proba- 
bl}'  were,  issued  upon  locations  made  under  the  Art  of  1866,  when  such  paral- 
lelism was  not  required.  ...  If  under  any  possible  circumstances  a  patent  for  a 
location  without  such  parallelism  may  be  valid,  the  law  will  presume  that  such 
circumstances  existed.  A  patent  of  the  United  States  for  land,  whether  agricul- 
tural or  mineral,  is  somelhing  upon  which  its  holder  can  rely  for  pc:ice  and 
security  in  his  possessions.  In  its  potency  it  is  iron-clad  against  all  mere  specu- 
lative inferences.  In  the  second  place,  the  provision  of  the  statute  of  1872,  re- 
quiring the  lines  of  each  claim  to  be  parallel  to  each  other,  is  merely  directory, 
and  no  consequence  is  attached  to  a  deviation  from  its  direction.  Its  object  is  to 
secure  parallel  end-lines  drawn  vertically  down,  and  that  was  effected  in  these 
eases  by  taking  the  extreme  points  of  the  respective  locations  on  the  length  of 
the  lode.  In  the  third  place,  the  defect  alleged  does  not  concern  the  defendant, 
and  no  one  but  the  Government  has  the  right  to  complain." 
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2.  It  was  contended  that  two  patents  held  by  the  Richmond, 
although  granted  under  the  Act  of  1872,  upon  application  made  after 
the  passage  of  that  Act,  were  based  upon  locations  made  under  the 
Act  of  18(36,  and  conveyed  to  the  patentees  certain  rights,  accruing 
under  the  earlier  Act,  and  explicitly  continued  by  the  provisions  of 
the  later  one.  The  chief  of  these  was  the  right  to  take  a  certain 
number  of  feet  on  the  coarse  of  the  main  lode  located,  and  follow  the 
lode,  throughout  that  distance,  downward  on  its  dip,  unrestrained 
by  the  end-lines  of  the  patented  survey.  In  other  words,  it  was 
claimed  that  since  the  so-called  Richmond  lode  ran  obliquely  across 
the  patented  survey  of  the  Richmond,  and  dipped  into  adjoining 
ground  outside  of  the  ])lanes  formed  by  projecting  the  end-lines  of 
that  survey  vertically  downward,  and  since  tliat  lode  was  held  by 
a  patent  granted  under  the  Act  of  1872,  but  based  on  a  location  made 
under  the  Act  of  1866,  the  owners  of  the  Richmond  claim  could  follow 
the  ore  on  its  dip  into  the  disputed  ground,  notwithstanding  the 
boundary  planes  presumptively  established  by  the  patent. 

This  claim  involves  some  very  important  questions  of  construction 
of  the  law,  and  deserves  a  careful  analysis.  It  asserts,  first,  that  the 
Act  of  18613  authorized  the  location  of  so  many  linear  feet  of  a  lode, 
and  that  the  patent  under  that  Act  conveyed  the  title  to  that  number 
of  linear  feet,  "  together  with  all  its  dips,  angles,  and  variations,  to 
any  depth,  although  it  may  enter  the  land  adjoining,"  with  a  certain 
amount  of  surface  ground,  merely  for  convenient  working,  but  that 
the  grant  of  the  surface  had  no  limiting  effect  upon  the  extent  of  the 
miner's  claim, thus  confirmed  to  him  by  sale.  This,  it  will  be  remem- 
bered, was  one  of  the  points  involved  in  the  Emma-Illinois  case  in 
Utah,  where,  the  Emma  patent  survey  having  been  so  made  as  to 
lie  across  the  vein,  the  Court  is  said  to  have  held  that  the  patentees 
were  nevertheless  entitled  to  the  full  length  of  the  claim,  and  to 
follow  it  071  iJte  strike  or  course,  to  that  extent,  outside  of  the  patented 
boundaries.  That  decision  was  questioned  in  many  quarters;  but  a 
compromise  between  the  parties  prevented  any  appeal  and  review  by 
higher  authority.  The  Hercules  case,  in  Colorado,  presented  a 
similar  question,  and  was  decided  by  Judge  Buford  in  the  opposite 
sense.  The  point  remained  undecided  by  higher  authority.  My 
own  views  concerning  it  were  expressed  editorially  at  various  times 
in  the  Engineering  and  Mining  Journal,  and  officially  in  1876,  I 
believe,  before  the  Committee  on  Foreign  Relations  of  the  House  of 
Representatives  on  the  "  Emma  Mine  Investigation."  I  see  no  reason 
to  change  them,  now  that  they  have  received  at  many  points  the  con- 
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firmation  of  high  judicial  authority.  That  the  Act  of  1866  was  in 
many  respects  obscure,  is  admitted  ;  but  I  think  a  fair  construction 
of  it  clearly  shows  that  under  it  the  ])atentee  of  a  mine  is  bound  by 
the  end-lines  of  his  pateaited  survey.  In  attempting  to  establish 
this  proposition,  I  shall  pay  no  attention  to  the  decisions  which  have 
from  time  to  time  emanated  from  the  General  Land  Office.  "  De- 
partment law,"  as  it  is  called,  is  not  binding  upon  courts  ;  and  the 
law  laid  down  by  this  particular  department  has  been,  under  some 
of  the  commissioners,  remarkably  bad.  Nor  shall  I  confine  myself 
to  the  points  adduced  by  either  side  or  by  the  Court  in  the  case  now 
under  review. 

The  Act  of  1866  recognized  and  confirmed,  where  it  did  not  over- 
rule, the  customs  of  miners.  It  was  universally  the  custom  of 
miners  on  the  public  domain,  to  locate  and  record  claims  up»n  dis- 
covered lodes  by  linear  feet,  measured  from  the  "  discovery  shaft," 
the  length  of  each  claim,  the  width  of  surface-ground  controlled  as 
an  easement  or  appurtenance  for  mining  purposes  (buildings,  roads, 
dumps,  etc.),  and  the  nature  of  the  possessory  tenure,  being  governed 
by  local  regulations  in  each  district.  Since  priority  of  location  and 
record  determined  all  disputes  as  to  possessory  title,  it  was  necessary 
to  make  such  record  as  early  as  possible  after  discovery,  and,  there- 
fore, before  the  true  course  of  the  lode  could  be  ascertained.  Hence 
the  discoverer,  though  he  usually  included  in  his  record  a  statement 
as  to  the  course  of  the  lode,  might  find  upon  futher  developments, 
that  he  had  been  entirely  mistaken.  To  make  a  new  location  and 
record,  containing  the  corrected  facts,  might  involve  the  sacrifice  of 
precious  priority ;  since  in  most  cases  (particularly  if  the  lode  was 
rich)  hosts  of  other  claimants  would  be  located  in  the  vicinity,  some 
of  them  already  occupying  the  ground  which  the  discoverer  meant 
to  claim,  and  to  which  in  equity  he  was  entitled.  A  striking  in- 
stance occurred  in  the  case  of  the  famous  Eberhardt  Mine  at  White 
Pine,  which  was  originally  supposed  (and  described  in  the  record)  to 
run  east  and  west,  whereas  it  really  ran  north  and  south.  Numer- 
ous shafts  were  sunk  side  by  side  on  alleged  parallel  veins,  which 
turned  out  to  be  all  on  the  course  of  the  Eberhardt.  Such  complica- 
tions are  apt  to  be  settled  in  new  communities  by  violence  as  well  as 
litigation,  ending  generally  in  compromise.  But  it  is  fair  to  say  that 
the  mining  communities,  apart  from  the  persons  interested  in  any 
special  case,  recognized  the  right  of  the  earlier  locator  to  "  swing  his 
claim,"  that  is,  to  take  the  full  number  of  linear  feet  to  which  he  was 
entitled,  without  regard  to  the  course  described  in  his  original  record 
VOL.  VI. — 25 
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of  location.  This  is  simply  an  equitable  application  of  the  well- 
known  principle  of  "  the  worthier  laiulmark."  If,  in  a  deed  of  land, 
the  description  of  the  land  says  that  one  of  its  boundary  lines  ex- 
tends from  a  bend  in  a  creek  twenty  chains  north  to  a  certain  rock, 
and  it  is  subsequently  found  upon  re-survey  that  the  rock  (fully 
identified)  is  thirty  chains  south  of  the  bend  in  the  creek,  the  errone- 
ous course  and  distance  given  in  the  deed  are  disregarded,  and  the 
natural  objects  described,  being  deemed  the  worthier  landmarks,  are 
permitted  to  establish  the  boundary  in  spite  of  the  literal  document. 
Similarly,  when  a  miner  records  his  claim  to  a  certain  number  of 
feet  upon  a  lode  which  he  has  discovered  at  one  ])oint  only,  it  is  the 
lode  itself  which  is  his  landmark,  and  if,  in  obedience  to  a  custom 
intended  to  assist  other  miners  in  recognizing  the  limits  of  his  claim, 
he  staies  in  the  record,  as  well  as  he  can,  the  direction  in  which  he 
supposes  its  course  to  lie,  he  ought  not  to  be  cheated  out  of  the 
reward  of  his  discovery  or  priority  by  reason  of  any  inaccuracy  in 
this  description. 

But  to  permit  this  state  of  things  to  continue  indefinitely,  would 
be  contrary  to  public  policy;  and  public  policy — namely,  the  public 
benefit  to  be  derived  from  the  encouragement  of  mining — is  the  mo- 
tive of  the  Acts  of  Congress  by  which  the  miner  upon  the  public 
lands  has  been  removed  from  the  relation  of  a  trespasser  and  created 
a  tenant,  with  the  privilege  of  becoming  a  proprietor.  In  the  Act  of 
1866,  the  Government  says  substantially  to  the  miner,  "  I  own  this 
land  in  which  you  are  digging.  I  can  make  what  rules  I  please 
to  control  your  operations,  or  eject  you  altogether.  But,  for  the 
public  good,  I  will  give  you  the  right  to  occupy,  and  explore,  and 
mine,  and  carry  away  my  treasure,  and  to  make  what  regulations 
you  please  to  govern  your  relations  to  other  miners,  provided  you 
obey  certain  conditions  which  I  impose.  One  of  these  conditions 
limits  your  claim  as  an  individual  to  two  hundred  feet  as  a  maxi- 
mum, and  the  claim  of  an  association  to  three  thousand  feet.  If  you 
wish  to  obtain  a  title  better  than  this  permission,  a  title  which  does 
not  depend  on  local  regulations  and  cannot  be  affected  by  them,  I 
will  sell  you  a  mine  outright,  provided  that  after  you  have  done 
enough  work  to  prove  your  good  faith  and  define  your  claim,  you 
will  furnish  an  exact  description  of  it  by  surface  survey,  establish 
your  undisputed  possession,  and  pay  for  it  by  the  acre  of  surface. 
The  right  to  follow  your  vein  in  depth,  you  shall  retain;  but  you 
must  define  the  length  of  your  claim,  so  that  your  fellow-citizens 
may  know  where  your  property  ends,  and  they  may  explore  or  mine, 
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and  I  may  sell  without  wronging  you.  You  cannot  ^ swing  your 
claim  '  after  it  is  patented.  That  privilege  belongs  necessarily  to 
the  period  of  exploration  and  mere  tenancy.  When  you  come  to 
me  for  a  better-defined  title,  you  must  be  prepared  to  abide  by  the 
definition." 

That  this  is  the  meaning  of  the  Act  of  1866,  a  careful  study  of  its 
words  will  show.  Section  2  of  that  Act  provides  that  "  when- 
ever any  person  or  association  of  persons  claim  a  vein, it 

siiall  and  may  be  lawful  for  said  claimant  or  association  of  claim- 
ants to  file  in  the  local  land  office  a  diagram  of  the  same,  so  extended 
laterally  or  otherwise  as  to  conform  to  the  local  laws,  customs,  and 
rules  of  miners,  and  to  enter  such  tract  and  receive  a  patent  therefor, 
granting  such  mine,  together  with  the  right  to  such  vein  or  lode,  with 
its  dips,  angles,  and  variations,  to  any  depth,  although  it  may  enter 
the  land  adjoining,  which  land  adjoining  .shall  be  sold  subject  to 
this  condition."  (I  have  omitted  some  of  the  pre-requisite  condi- 
tions, not  essential  to  this  argument.)  We  find  here  that  a  person 
"claiming  a  vein,"  may  file  a  diagram  of  "  the  same,"  enter  "such 
tract,"  receive  a  patent  "therefor"  granting  "such  mine,"  together 
with  the  right  to  follow  "  such  vein  "  to  "any  depth." 

Now  to  unravel  this  somewhat  involved  statement.  What  is  "the 
same,"  of  which  a  diagram  is  to  be  filed  ?  It  cannot  be  the  vein, 
because  the  diagram  is  to  be  extended  laterally  or  otherM'ise,  accord- 
ing to  the  local  laws.  A  diagram  of  a  vein  must  be  extended  ac- 
cording  to  the  facts.  Local  laws  affect  the  dimensions  of  claims 
only  ;  hence  it  must  be  tiie  surface  of  the  claim  of  which  the  diagram 
is  required.  The  subsequent  terms,  "  such  tract,"  "  therefor,"  and 
"such  mine,"  all  necessarily  refer  to  the  same  thing,  namely,  the 
claim  ;  and  we  are  forced  to  the  conclusion  that  the  claimant  is  to 
furnish  a  diagram  of  his  claim,  enter  the  tract  as  homestead  tracts  or 
pre-emption  tracts  are  entered,  and  receive  a  patent  for  it  as  purcha- 
sers of  agricultural  lands  receive  patents.  This  patent  is  to  convey 
to  him  the  tract,  together  with  the  right  to  follow  the  vein  out  of  it, 
to  any  depth.  There  is  no  declaration  here  or  elsewhere  in  the  law, 
that  a  certain  number  of  linear  feet  on  the  vein  are  to  be  conveyed 
to  him,  irrespective  of  the  boundaries  of  his  surveyed  claim.  Sec- 
tion 4  provides  that  no  location  hereafter  made  shall  exceed  200 
feet  for  each  location,  etc.,  and  thereby  overrules  local  laws,  if  any 
such  exist,  permitting  larger  locations.  But  this  concerns  merely 
the  proper  preliminaries  to  an  application  for  purchase  and  patent. 
When  that  application  is  made,  the  applicant  must  not  base  it  upon 
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a  location  of  more  than  200  feet.  But  it  is  not  said  that  he  shall 
receive  a  patent  for  200  feet  or  any  other  number  of  feet.  He  is  to 
receive  it  for  the  "  tract"  and  the  "  mine  "  actually  described  in  his 
diagram. 

Section  3  confirms  this  view,  providing  that  after  due  formali- 
ties of  advertising,  etc.,  the  Surveyor-General  shall  survey  "  the 
premises"  and  make  a  plat  thereof,  and  that  after  certain  other  for- 
malities, including  the  payment  by  the  applicant  of  $5  per  acre,  the 
register  shall  transmit  to  the  General  Land  Office  "said  plat,  survey, 
and  description,  and  a  patent  shall  issue  for  the  same"  thereupon. 
Language  could  scarcely  describe  more  plainly  the  purchase  of  a 
defined  piece  of  land.  The  final  sentence  of  this  section,  however, 
raises  a  difficulty.  It  provides  that  "  said  plat,  survey,  or  descrip- 
tion, shall  in  no  case  cover  more  than  one  vein  or  lode,  and  no 
patent  shall  issue  for  more  than  one  vein  or  lode,  which  shall  be 
expressed  in  the  patent  issued."  This  has  been  held  to  mean  that 
the  grant  of  the  patent  is  for  so  many  feet  on  the  lode ;  that  the 
"tract"  is  not  granted,  but  only  the  use  of  the  surface  for  mining 
purposes ;  that  another  patent  can  be  granted  overlapping  it,  if 
another  lode  be  found  to  exist  within  the  surveyed  area.  But  this 
construction  overrides  the  clear  meaning  of  the  preceding  section, 
and  a  better  one,  I  venture  to  think,  can  be  easily  found.  The  pro- 
hibition here  expressed  is  merely  directory ;  otherwise,  it  would  be 
absurd.  It  is  made  the  duty  of  the  surveyor  not  to  survey  for  the 
claimant  on  one  lode  a  plat  which  includes  another  lode.  But  if, 
after  a  survey  has  been  made,  and  a  patent  has  been  granted, 
another  lode  should  be  found  within  the  patented  area,  what 
is  the  state  of  affiiirs?  The  patent  is  not  voided  thereby:  so 
much  is  certain.  The  new  lode  may  enter  the  tract  in  depth,  hav- 
ing its  outcrop  or  apex  in  the  land  adjoining.  In  that  case,  it  is  the 
right  of  the  adjoining  locator  to  ibllow  it.  Or,  it  may  crop  out 
within  the  patented  area.  In  that  case,  so  much  of  it  as  lies  within 
"the  tract"  {i.  e.,  the  surface  and  the  space  beneath  it,  bounded  by 
vertical  planes),  belongs  to  tiie  patentee  by  reason  of  the  grant  of 
the  tract,  or  else  it  still  belongs  to  the  government,  by  reason  of 
the  reservation  now  under  consideration.  In  the  hitter  case,  it  can 
be  located  and  worked  within  the  tract  by  nobody  but  the  patentee, 
or  some  one  whom  he  may  permit  to  enter  upon  his  land  for  the 
purpose.  For  the  patentee  owns  the  land,  either  completely  and 
with  all  it  contains,  or  else  for  mining  purposes  ;  and  in  either  case, 
no  other  claimant  can  intrude  upon  it.     If  the  patentee  is  forbidden 
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to  touch  the  new  lode,  then  it  is  within  that  area  practically  locked 
up.  But  we  are  not  forced  to  any  such  absurd  conclusion.  The 
patent,  as  we  have  seen,  grants  two  things:  first,  a  certain  tract 
lolth  all  that  it  contains,  subject  to  one  reservation,  namely,  the  right 
of  an  adjoining  owner  to  follow  into  it,  in  depth,  the  vein  named  in 
his  patent;  secondly,  it  grants  a  similar  right  with  reference  to  the 
vein  named  in  the  first  patent.  Tiie  patent  thus  issues  for  the 
tract,  and  for  the  lode  in  its  downward  continuation  outside  of  the 
tract.  Now  the  law  simply  provides  that  the  latter  grant  shall 
apply  in  each  case  to  one  lode  only.  Every  patentee  may  have  to 
submit  to  one  intrusion,  but  one  only,  from  his  adjoining  neighbor, 
following  a  vein  downward  into  his  tract.  Every  patentee  may 
make  one  such  intrusion,  and  one  only,  into  his  adjoining  neigh- 
bor's ground.  With  this  exception,  the  lines  of  ownership,  under 
this  law,  have  precisely  the  same  effect  as  under  the  common  law. 
They  carry  everything  within  the  boundaries,  and  nothing  outside. 
But  whether  I  am  correct  in  this  view  of  the  complete  ownership  of 
the  tract  or  not,  the  force  of  the  end-lines  of  the  plat  as  bounding 
the  claim  upon  the  lode,  which  the  patent  is  intended  to  cover,  is 
undeniable.  The  Act  of  1872  makes  no  change  in  this  respect.  It 
simply  renders  more  positive  and  specific  what  was  really  the  mean- 
ing of  the  Act  of  1866,  and  extends  the  right  to  follow  in  depth, 
between  the  end-lines,  to  all  lodes  having  their  outcrop  or  apex 
within  the  tract.  If,  then,  tlie  right  to  disregard  the  end-lines  of  the 
survey  did  not  accrue  to  the  patentee  under  the  Act  of  1866,  it  can- 
not be  one  of  the  vested  rights  excepted  from  the  operations  of  the 
Act  of  1872. 

But  the  contention  we  are  discussing  involves  also  the  proposition 
that,  assuming  the  grant  of  a  patent  under  the  earlier  Act  to  have 
carried  with  it  the  privilege  just  discussed,  then  that  privilege  is  a 
right,  belonging  to  parties  who  made  no  application  for  patent  until 
after  the  passage  of  the  Act  of  1872.  Up  to  a  certain  time  (let  us 
assume  for  the  sake  of  argument)  the  Government  offered  certain 
terms  to  purchasers  of  its  mineral  lands.  During  this  period  the 
Richmond  claimants  made  no  offer  to  purchase,  but  rested  on  their 
free  right  of  exploration,  etc.,  holding  possessory  title  under  the  lib- 
eral terms  of  Section  1  of  the  Act  of  1866.  But  after  the  government 
had  changed  its  offer,  and  limited  (as  is  asserted)  the  rights  it  was 
willing  to  sell,  they  became  purchasers,  and  now  claim  the  benefit 
of  the  bargain  which  they  might  have  made,  but  did  not!  To  a 
tenant  on  my  farm,  I  offer  the  farm,  together  with  a  water-power, 


390  THE    EUREKA-RICHMOND    CASE. 

at  a  certain  price.  He  prefers  to  remain  as  tenant,  and  declines  to 
bny.  After  awhile  I  decide  not  to  sell  the  water-power,  and  my 
tenant,  seeing  the  farm  advertised,  buys  it,  and  then  claims  the 
water-power  also,  becanse,  liaving  once  had  a  chance  to  buy  it, 
he  acquired  thereby  an  "inchoate  right"  to  it!  This  point  was 
not  clearly  passed  upon  by  the  Court  in  the  case  here  discussed, 
because  the  decision  denies  the  right  even  of  patentees  under  the  Act 
of  1866  to  disregard  the  end-lines  of  their  surveys,  and  a  fortiori, 
the  "inchoate  right"  of  mere  locators,  not  applying  for  patent,  falls 
to  the  crround. 


4.   THE  FORCE  OF  A  BOUNDARY  FIXED  BY  AGREEMENT. 

As  the  result  of  a  previous  litigation  between  tbe  parties,  a 
boundary-line  had  been  established  by  compromise  between  them  in 
187;^.  This  line  (see  map  accompanying  the  paper  of  Mr.  Keyes,  line 
X  W  R,  Plate  VIII)  was,  with  the  exception  of  a  small  distance  next 
the  quartzite  footwall,  where  the  special  transfer  of  a  triangle  of  ground 
necessitated  a  deflection,  exactly  the  line  of  the  boundary  betvveen 
the  two  adjacent  patents,  and  constituted  the  northwestern  end-line  of 
one  patent  and  the  southeastern  end  of  the  other.  The  Richmond 
party,  claiming  the  right  to  follow  its  alleged  vein  in  depth  without 
regard  to  patent-lines,  was  obliged  to  meet  the  additional  objection 
furnished  by  its  own  former  act,  and,  to  overcome  this  objection, 
asserted  that  "the  agreement  and  deeds  of  compromise  of  June  16th, 
1873,  have  no  effect  upon  the  rights  of  the  parties  to  the  land  in 
dispute,  except  so  far  as  the  defendant  (the  Richmond)  obtained 
new  rights  by  conveyance  of  the  Lookout  ground  at  patent.  With 
that  excei)tion,  the  parties  stand  on  tiieir  original  rights.  T!ie  par- 
ties were  only  bound  by  the  line  beylnning  at  point  X  on  the  dia- 
gram, and  ending  at  R.  Beginning  at  one  point  and  ending  at 
another,  excludes  the  idea  or  possibility  of  any  other  beginniug  or 
ending  of  a  line." 

The  Eureka  party,  on  the  other  hand,  claimed  that  "  by  the 
agreement  and  deeds  of  June  16th,  1873,  the  line  W  X,  and  neces- 
sarily W  X,  extended,  was  made  the  permanent  boundary-line  be- 
tween the  claims  of  the  parties.  The  agreement  says  it  was  the 
object  and  intention  to  fix  a  permanent  boundary-line  between  the 
claims  of  the  parties.  The  claims  of  the  parties  were  vein  or  lode 
claims.  To  make  a  boundary  between  them,  the  line  necessarily 
must  extend  across  the  veins  or  lodes  to  the  extent  of  the  dips,  or 
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the  intention  of  the  parties  would  not  be  accomplished.  The  deeds 
are  in  accordance  with  the  agreement." 

The  deeds  referred  to  are  one  from  the  Eureka  to  the  Richmond, 
and  one  from  the  Richmond  to  the  Eureka.  By  the  former,  the 
Eureka  conveyed  the  Lookout  ground,  and  also  all  the  mining 
ground  lying  on  the  northwesterly  side  of  the  line  designated,  with 
the  ores,  precious  metals,  veins,  lodes,  ledges,  deposits,  dips,  spurs  or 
angles,  on,  in,  or  under  the  same.  By  the  latter,  the  Richmond  con- 
veyed, with  warranty  against  its  own  acts,  all  its  right,  title,  or  in- 
terest in  and  to  all  mining  ground  situated  in  the  Eureka  mining 
district  on  the  southeasterly  side  of  the  designated  line,  "  together 
with  all  the  dips,  spurs,  and  angles,  and  also  all  the  metals,  ores, 
gold  and  silver  bearing  quartz,  rock,  and  earth  therein,  and  all  the 
rights,  privileges,  and  franchises  thereto  incident,  appendant,  and 
appurtenant,  or  therewith  usually  had  and  enjoyed."  The  agree- 
ment declares  it  to  be  "  the  object  and  intention  of  the  said  parties 
hereto  to  confine  the  workings  of  the  party  of  the  second  part  (the 
Richmond)  to  the  northwesterly  side  of  the  said  line  continued 
downward  to  the  centre  of  the  earth,  which  line  is  hereby  agreed 
upon  as  the  permanent  boundary-line  between  the  claims  of  the  said 
parties." 

On  the  issue  thus  raised,  the  following  observations  seem  })ertinent : 

1.  The  decision  of  the  Court  as  to  the  practical  unity  of  the  Ruby 
Hill  deposit,  involving  its  legal  identity  as  one  lode,  covers  the  whole 
case,  and  renders  the  discussion  of  the  present  point  unnecessary. 

2.  The  decision  of  the  Court  as  to  the  force  of  the  end-lines  of  a 
United  States  patent  has  the  same  effect,  so  far  as  the  claim  of  the 
Richmond  to  the  ground  in  dispute  (part  of  the  Potts  Chamber)  is 
concerned.  The  compromise  line,  W  X,  was  at  the  same  time  a 
patent  end-line;  and  as  such  it  must  be,  according  to  the  decision, 
extended  indefinitely  on  the  surface,  and  projected  downward  in  a 
plane  to  the  centre  of  the  earth,  to  form  the  legal  boundary. 
Whether  the  Eureka,  however,  could  claim  the  disputed  ground 
under  this  ruling  alone,  would  depend  on  its  ability  to  prove  that 
the  ore-body  of  the  Potts  Chamber  was  part  of  a  vein  having  its  out- 
crop or  apex  within  the  patented  ground  of  the  Eureka. 

3.  Assuming  now,  for  the  sake  of  the  inquiry,  that  either  by  a 
different  decision  of  the  Court,  or  by  a  different  state  of  the  facts,  the 
Eureka  could  not  claim  this  disputed  ground  by  reason  of  the  unity 
of  the  ore-bea'ring  limestone  zone,  or  by  reason  of  any  force  in  patent 
boundary-lines,  we  are  to  look  at  the  compromise  alone,  and  discover 
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Avhat  was  its  effect.  This  question,  though  less  extensive  and  im- 
portant iu  its  general  bearings  than  others  settled  by  the  decision  of 
the  Court,  involves,  nevertheless,  an  important  principle,  which  may 
often  receive  application  in  mining  matters.  It  will  be  considered 
here  in  its  general  aspect  only  ;  yet  the  remark  seems  to  be  warranted, 
in  passing,  that  the  peculiar  circumstances  of  this  case  put  equity  as 
well  as  law  on  the  side  of  the  Eureka.  The  compromise  was  appar- 
ently an  attempt  to  end  all  possibility  of  future  dispute;  and  the 
subsequent  denial  of  its  force,  to  a  certain  extent,  by  the  Richmond 
party,  seems  to  be  a  technical  evasion.  But  it  is  not  necessary  to 
impugn  the  sincerity  of  the  counsel  who,  in  the  discharge  of  their 
duty,  contended  for  this,  as  for  every  other  proposition  of  law  which 
favored  their  client. 

The  decision  of  the  Court  was,  that  the  line  agreed  upon  as  a 
boundary  between  mining  claims,  must  be  extended  along  the  dip  of 
the  veins.  This  obviously  follows  from  the  nature  of  such  claims. 
A  "claim"  upon  a  vein  is  not  a  given  surface  only;  nor  is  it  only  a 
given  surface  with  what  underlies  it.  It  includes  the  right  to  follow 
the  vein,  and  the  ownership  of  the  contents  of  the  vein,  on  its  dip 
beyond  the  surface  lines,  and  between  the  end-lines.  Hence  all  lines 
dividing  such  claims  must  be  extended  till  they  are  coterminous  with 
"  all  that  the  location  on  the  surface  carries,"  as  the  Court  says,  other- 
wise, they  would  not  sei've  as  boundaries. 

It  follows  from  this  very  reasonable  decision,  that  when  two  pro- 
prietors of  adjacent  claims  agree  upon  a  partition  boundary,  whether 
it  be  a  point  or  a  line,  the  real  boundary  so  fixed  is  a  vertical  plane, 
indefinitely  extended  so  as  to  divide  everything  covered  by  the 
claims.  If  a  different  construction  is  intended  by  the  parties,  then 
it  must  be  specially  expressed. 

Thus  on  every  issue  raised  in  the  case,  the  decision  was  against 
the  Richmond  party.  The  case  has  been  appealed  ;  and  the  Supreme 
Court  will  doubtless  be  called  upon,  in  course  of  time,  to  review  the 
judgments  of  the  Circuit  Court,  which  I  have  in  this  paper  at  some 
length  discussed.  That  the  present  analysis  of  these  topics  was  not 
postponed  until  after  the  hearing  of  the  appeal  is  due  to  three  rea- 
sons. First,  there  will  be  a  delay  of  months,  perhaps  years,  in 
reaching  this  case  on  the  Supreme  Court  calendar;  secondly,  it  was 
necessary,  if  this  paper  were  to  be  written  at  all,  that  it  sjiould  be 
written  while  the  subject-matter  was  fresh  in  mind  ;  thirdly,  the 
great  interest  taken  in  the  late  decision  by  the  mining  community 
and  the  legal  fraternity,  calls  for  such  a  full  explanation  of  its  bear- 
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ings  as  I  have  tried  to  furnish ;  and  finally,  the  defeated  party  in 
this  lawsuit,  and  some  other  parties,  including  mining  journals  in 
England,  have  indulged  in  unworthy  insinuations  as  to  "  Ameri- 
can justice,"  and  ascribed  the  result  in  this  instance  to  the  circum- 
stance that  one  of  the  contending  parties  was  a  British  corporation. 
This  sort  of  talk  might  be  pertinent  to  an  ordinary  trial  by  jury.  Its 
application  to  a  case  so  patiently  and  thoroughly  heard,  and  so  con- 
vincingly settled  by  judges  of  eminence,  is  preposterous.  Apart 
from  the  foolish  insult  which  it  conveys  to  men  of  high  character 
and  long  experience,  it  ignores  the  force  of  the  arguments  used  in 
their  decision  ;  and  the  best  means  of  showing  its  utter  baselessness, 
is  a  thorough  discussion  of  the  points  and  principles  involved  in  the 
case  so  flippantly  criticized.  Tiiis  I  have  attempted  to  give;  and, 
in  the  light  thus  furnished,  I  think  it  evident  enough  that  the  Court 
had  better  reasons  for  its  decision  than  any  mere  bias  of  patriotic 
feelina;. 


WHAT  IS  A  PIPE-VEIN'? 

BY  ROSSITER  W.  RAYMOND,  PH.D.,  NEW  YORK  CITY. 

(Read  at  the  Ameuia  Meeting,  October,  1877.) 

The  term  "pipe-vein"  has  recently  been  applied  in  this  country 
to  certain  deposits  of  lead  ore  in  magnesian  limestone.  The  use  of 
the  term  has  been  twofold.  It  has  been  revived  as  a  term  found  in 
textbooks  on  mineral  veins,  with  the  implied  or  declared  assertion 
that  the  ore-deposits  thus  named  in  this  country  are  similar  to  those 
which  have  borne  the  title  abroad.  It  has  also  been  advanced  as  an 
appropriate  name  for  a  new  class  of  deposits,  even  if  such  a  class  had 
not  previously  been  recognized.  In  either  case,  the  assumption  is 
that  pipe-veins  form  a  group  or  class  by  themselves,  and  are  not 
merely  interior  and  subordinate  features  in  larger  deposits.  The 
peculiar  mining  law  of  the  United  States,  which  regards  "  the  vein," 
whatever  that  may  be,  as  the  basis  of  title,  lends  a  special  interest  to 
these  claims.  But  the  object  of  this  paper  is  rather  to  discuss  the 
subject  from  the  standpoint  of  geology  and  technical  literature.  I 
shall  briefly  answer  two  questions : .  (1 )  What  are  pipe-veins  as 
described  in  technical  literature?  and  (2)  Is  the  name  appropriate 
or  necessary  for  a  new  class  of  deposits  ? 

The  term  "  pipe-ore,"  as  applied,  for  instance,  to  irregular,  cylin- 
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drical,  sometimes  hollow  concretions  of  limonite,  etc.,  probably  came 
from  Germany;  but  "pipe-vein"  is  of  English  origin — a  miner's 
term,  arising  probably,  in  Staffordshire  or  Derbyshire.  It  is  worthy 
of  notice  that  the  word  '*  lode,"  as  used  by  the  Cornish  and  English 
miners,  often  carries  among  them  a  wider  meaning  than  "  vein ;" 
so  that  more  than  one  vein  may  be  included  in  one  lode.  Thus,  in 
a  footnote  to  ITenwood's  "Metalliferous  Deposits"  {Trans,  of  the  Roy. 
Geol.  Sac.  of  Cornwall,  vol.  viii,  part  i,  pp.  619,  C20),  a  pipe-vein  is 
mentioned  as  occurring  within  a  lode  of  metalliferous  limestone. 

The  first  writer,  so  far  as  I  know,  who  made  a  separate  class  of 
pipe-veins  was  Westgarth  Foster,  who  published,  early  in  this  cen- 
tury, a  work  chiefly  devoted  to  a  section  of  the  rocks  across  Great 
Britain.  In  this  book,  he  gives  a  general  definition  of  pipe-veins, 
and  a  description  of  their  general  appearance.  The  description  has 
been  copied  into  a  number  of  textbooks  without  the  definition. 
This  is  the  case,  for  instance,  in  Jukes's  excellent  manual  of  geology. 
The  reason  appears  to  be  that  Foster's  classification  was  never  gen- 
erally accepted,  and  is  long  since  out  of  date.  He  was  an  adherent 
of  the  theories  of  Werner,  and  his  work,  however  praiseworthy  in  its 
time,  shared  the  fate  of  the  system  of  geology  which  he  had  adopted. 

Sir  Henry  T.  de  la  Beche,  in  his  Geological  Observer,  gave,  for 
the  first  time,  a  rational  classification  of  the  ore-bodies  known  in 
Cumberland  and  Derbyshire  as  "  pipes,"  "  fiats,"  "  rakes,"  and 
"skrins"  (Am.  ed.,  1851,  p.  644);  and  Prof.  Bernhard  Cotta  has 
quoted  (Cotta's  Ore  Deposits,  Prime's  transl.  p.  431)  the  description 
and  the  diagram  of  de  la  Beche,  It  is  noteworthy,  however,  that 
Cotta  restores  the  word  "vein"  in  this  connection,  which  de  la 
Beche  had  carefully  omitted.  The  language  of  the  latter  is  signifi- 
cant.    He  says  : 

"  The  cavities  in  that  district  wherein  siilphuret  of  lead  has  been  discovered 
are  very  numerous.  When  they  rise  through  the  beds,  they  are  usually  termed 
pipes,  and  when  interposed  between  them,  j^ni  works.  Upon  studying  the  cavi- 
ties in  limestone  districts  of  this  character,  it  will  be  evident  that  these  distinc- 
tions are  not  always  very  applicable,  and  that  irregular  cavities  rising  upward 
may  have  numerous  branches  from  them,  running  amid  the  beds  tliemselves, 
that  joints  may  cross  the  cavities  and  real  dislocations  traverse  the  whole." 

In  other  words,  the  terms  jyipe  and  /?ai  are  applicable,  not  to  sepa- 
rate classes  of  deposits,  but  merely  to  the  forms  and  positions  which 
may  be  assumed  by  different  portions  of  the  same  deposit.  In  the 
diagram  and  explanation  which  follow,  the  author  shows  how  lead 
ore,  introduced  into  a  bed  of  limestone,  may  occupy  true  deep  fissures 
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(rakes),  enlarged  spaces  between  the  beds  (flats),  joints  contrary  to 
the  bedding  (skrins),  or  irregular  cavities  connected  with  the  rakes, 
and  caused,  according  to  his  diagram,  by  the  intersection  of  these 
with  the  planes  of  the  bedding.  It  is  easy  to  see  that  along  the  line 
of  such  an  intersection,  an  irregular  elongated  space  might  be  formed 
through  enlargement  by  water-currents,  attacking  the  four  corners 
of  limestone  exposed,  and  that  the  disposition  of  ore  in  such  a  space 
would  result  in  a  ''  pipe,"  or  elongated  ore-body,  common  to,  and 
subordinate  to  both  the  rake  and  the  flat.  But  de  la  Beche  does 
not  call  it  a  pipe-vein.  And  Cotta  says:  "It  is  evident  that  the 
whole  mass  of  limestone  is  traversed,  in  all  accessible  Assures  and 
cavities,  by  ores  and  vein-stones,  which  have  penetrated  subsequent 
to  its  formation  ;"  adding,  a  little  further  on,  "  The  only  veins  now 
generally  exploited  in  Derbyshire,  are  the  rake-veins."  This  fur- 
nishes a  striking  practical  confirmation  of  de  la  Beche's  explanation. 
If  the  pipes  are  merely  subordinate  features  of  the  rake-veins,  then 
the  working  of  the  latter  would  be  likely  to  become  the  main  enter- 
prise, and  the  pipes  when  encountered  and  exploited,  would  be  re- 
garded merely  as  ore-bodies  in  the  veins.  To  such  an  extent  has 
this  become  in  fact  the  case,  that  Mr.  William  Wallace,  the  latest 
authority  on  the  sulyect,  does  not  mention  pipe-veins  at  all  in  his 
exhaustive  description  of  the  very  district  which  gave  the  term  to 
technical  literature  {The  Laics  lohic/i  Regulate  the  Deposition  of  Lead 
Ore  in  Veins;  Illustrated  by  an  Examination  of  the  Geological 
Structure  of  the  Mining  District  of  Alston  Moor.  By  William 
AVallace.  London,  1861 ).  But  Plate  XVI,  of  his  book  (opposite  p. 
144)  presents  what  is  evidently  a  pipe — namely,  an  elongated  ore- 
body,  following  the  intersection  of  a  vertical  vein  with  a  horizontal 
bedding-plane.  It  is  called,  however,  not  a  pil>e,  but  "  a  rich  lead-ore 
de})osit  in  Handsome  Ilea  great  cross  vcinP 

The  mines  of  Alston  Moor  were  represented  at  the  London  Ex- 
hibition of  1851,  by  a  most  elaborate  and  beautiful  model,  exhibiting 
all  their  underground  works,  and  giving,  as  Prof.  Whitney  re- 
marked, "  the  features  of  every  part  of  the  district."  It  has  been 
asserted  that  this  model  exhibits  the  pipe-veins.  Fortunately,  it  is 
preserved  at  the  Royal  School  of  Mines  in  London,  so  that  if  it 
could  ever  throw  any  light  on  the  question,  it  can  do  so  at  present, 
as  well  as  in  1851.  Not  having  seen  it  for  nearly  twenty  years,  and 
not  wishing  to  trust  a  merely  negative  memory  as  to  what  it  ex- 
hibits, or  to  rely  upon  the  fact  alone  that  the  description  of  the 
model  contained  in  the  catalo<rue  of  the  School  of  Mines  makes  no 
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mention  of  pipe-veins,  I  applied  through  a  friend  to  the  School  itself, 
and  received  from  one  of  the  officers  of  its  Museum  of  Practical 
Geology  the  reply,  that  the  model  contains  "  no  indications  of  pipe- 
veins."  This  is  positive  evidence  of  the  subordinate  character  of  the 
pipes  of  ore. 

Similar  testimony  is  given  by  Prof.  L.  Moissenet,  of  the  Paris 
Ecole  des  Mines  [Observations  on  the  Rich  Parts  of  the  Lodes  of 
Cornwall,  etc.  Translated  by  J.  H.  Collins,  F.G.S.  London,  1877), 
who  says  (p.  2)  of  the  lead-veins  of  the  mountain  limestone — the 
same  as  Wallace  discusses — "  To  these  lodes  the  pipe-veins  and  flats 
are  attached  ;  these  are  accessory/  dejyosits  occurring  in  some  of  the 
limestone  beds."  (Italics  mine.)  Again,  speaking  (p.  10)  of  the 
ore-deposits  of  Cornwall,  he  says:  "Floors  and  carbonas  are  acces- 
sory deposits.  .  .  .  The  floors  are  analogous  in  structure  to  the  '  flats' 
of  the  lead  mines  of  carboniferous  limestone.  .  .  .  The  carbonas  are 
rich  masses  of  tin  ore  occurring  in  granite,  the  true  equivalents  of  the 
pipe-veinsof  the  North  of  England.  .  .  .  Mr.  Hen  wood  has  described 
how  they  are  related  to  the  lodes." 

Vague  reference  having  been  made  by  some  advocates  of  the  inde- 
pendent character  of  pipe- veins  to  the  occurrence.. of  such  veins  in 
Cornwall,  and  a  paper  by  Dr.  Clement  I^e  Neve  Foster,  the  Royal 
Inspector  of  Mines  for  that  district,  having  been  alluded  to  as 
authority,  I  attempted  to  verify  this  reference.  In  my  collection  of 
Dr.  Foster's  writings,  which  are  everywhere  recognized  as  among 
the  most  trustworthy  and  important  contributions  of  the  present 
generation  to  the  science  of  mineral  veins,  I  could  find  nothing  to 
warrant  this  citation  of  him.  Prof.  Moissenet  says  in  a  footnote 
(p.  10):  "Deposits  of  tin  ore  resembling  pipe-veins  occur  at  East 
Wheal  Lovell,  in  Wendron,  and  were  described  in  a  paper  read  to 
the  Poyal  Geological  Society  of  Cornwall,  in  1875,  by  Dr.  C.  Le 
Neve  Foster."  This  paper  does  not  bear  out  the  conclusions  sought 
to  be  drawn ;  and  to  make  sure  that  there  was  not  some  other  to 
which  the  reference  might  have  applied,  I  wrote  to  Dr.  Foster,  and 
received  from  him  several  letters,  setting  forth  his  views  on  the 
veins  of  Cornwall  with  much  clearness  and  force.  I  take  the  liberty 
of  quoting  a  few  sentences  immediately  concerning  the  point  now 
under  consideration : 

"  The  papor  referred  to  .  .  .  was  probabh'^  one  I  read  about  two  years  ago  on 
East  Lovell  Mine.  I  send  you  a  copy  by  this  post.  1  have  not  used  the  term 
'pipe-vein.'  I  merely  called  some  of  the  ore-bodies  'pipes.'  I  have  used  the 
word   '  pipe'  to  designate  a  long,  narrow  ore-body,  a  narrow  shoot  (or  '  chute,'  as 
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yon  write  it)  of  ore,  in  fact.  .  .  .  All  the  '  pipes'  at  East  Lovell  are  morelj'- 
altered  granite  on  the  sides  of  fissures;  and  I  am  coming  round  to  the  opinion 
that  most  Cornish  tin  mines  in  granite  are  merely  bands  of  altered  rock.  .  .  .  The 
caTbonns  of  Cornwall,  which  are  supposed  to  correspond  to  pipe-veins,  are  merely 
altered  granite  .  .  .  The  ca;-6owa  is  a  mass  of  stanniferous  schorl-rock  formed  by 
the  alteration  of  granite.  It  is  not  a  large  chamber  in  the  granite,  suliscquently 
filled  by  minerals.  ...  I  doubt  whether  the  cnrbonas  are  the  equivalent  of  the 
pipe-veins.  I  have  never  seen  a  true  pi[ie-vcin  in  limestone  myself,  so  cannot 
speak  authoritatively." 

Having  examined  all  the  authorities  cited  by  those  who  assert 
that  pipe-veins,  as  hitherto  known  in  literature,  are  independent 
ore-deposits,  I  am  led  to  conclude  that  this  view  is  not  fairly 
deducible  from  anything  that  has  been  quoted  in  its  fiivor.  What- 
ever may  have  been  anciently  believed,  it  is  now  clear  that  the  term 
pipe-vein  applies  only  to  an  ore-body  of  a  certain  shape,  which  may 
be  part  of  a  fissure-vein,  a  bed,  or  a  stockwork. 

The  question  remains,  whether  this  name  should  be  revived,  and 
applied,  either  (1),  as  some  have  proposed,  to  ore-deposits  in  which 
the  ore  has  ascended  "through  pipes  instead  of  fissures,"  or  (2),  as 
others  have  proposed,  to  fissure  or  other  veins,  in  which  elongated 
bodies  of  ore  occur.  To  this  I  would  say,  in  general  reply,  that  the 
revival  of  an  old  name  for  a  new  thing  is  objectionable,  and  unneces- 
.^ary.  But  there  is  no  new  thing  presented.  The  three  chief  mines 
in  the  United  States  which  have  lately  received  this  name  at  the 
hands  of  some  are,  the  Emma  in  Utah,  the  Richmond  in  Nevada, 
and  the  Union  at  Cerro  Gordo,  California.  Neither  of  these  is  a 
pipe-vein  in  the  old  sense,  though  each  of  them  may  contain,  as  sub- 
ordinate interior  features,  a  great  many  pipe-veins.  It  is  much  better 
to  class  them  geologically  as  metalliferous  beds,  containing,  if  you 
please,  pipes,  chimneys,  chambers,  strings,  and  what  not,  of  ore.  A 
new  name  for  this  class  of  ore-deposits  might  indeed  be  convenient, 
not  because  they  are  not  well  known  already,  for  the  greater  part  of 
the  lead  product  of  the  world  is  derived  from  just  such  deposits,  but 
because  the  present  names  do  not  briefly  and  clearly  define  them. 
Yet  the  name  of  pipe- vein  would  be  no  relief.  It  might  apply  to 
one  of  the  deposits  of  this  class,  by  reason  of  the  shape  of  the  ore- 
bodies,  and  fail  for  the  same  reason  to  fit  another  deposit  of  the  same 
class,  or  another  part  of  the  same  deposit.  The  notion  that  ore- 
deposits  exist,  in  which  "pipes,"  apart  from  fissures,  have  been  con- 
duits for  ascending  solutions  or  sublimations,  lacks  proof 

The  most  mischievous  result  of  such  a  nomenclature  \vould  be  its 
legal  eifect,  if  our  courts  were  not  too  wise  to  permit  it  to  influence 
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their  construction  of  the  law.  Title,  under  the  United  States  Min- 
ing Law,  is  referred  to  the  strike  and  dip  of  the  veins  claitned,  and 
it  is  universally  understood  that  the  strike  and  dip  must  be  taken 
at  right  angles  to  each  other.  But  in  the  famous  Kureka-Richinond 
Case,  a  distinguished  advocate,  himself  a  mining  expert,  arguing 
that  the  Kichmond  ore-body  was  a  ''pipe-vein,"  declared  that  the 
dip  of  such  a  body  "is  the  inclination  at  which  it  enters  the  earth. 
AVhen  you  follow  the  body  of  ore  downward  into  the  earth,  you  are 
following  it  on  its  dip.  And  you  may  call  the  direction  at  which  it 
enters  the  earth  by  any  name  that  you  like;  you  cannot  divest  it  of 
that  name.  That  a|)plies  to  it,  no  matter  whether  it  be  also  the 
course  or  not."  (Argument  of  Hon.  Thomas  Wren,  p.  31.)  This 
confusion  of  strike  and  dip  would  naturally  result  from  applying 
the  terms  to  a  deposit,  the  horizontal  section  of  which  shows  no 
principal,  longest  axis.  It  might  be  troublesome  to  ascertain  the 
strike  of  a  stockwork  or  mass.  But  nothing  would  give  quite  as 
much  trouble  as  a  "pipe,"  the  dip  of  which,  if  taken  by  itself  as  an 
independent  body,  might  be  ])lausibly  urged  to  be  the  same  as  its 
pitch — or,  in  plain  words,  "  it  dips  wherever  it  goes."  On  the 
whole,  therefore,  it  seems  best  not  to  erect  such  an  ore-body  into 
a  new  class.  Let  the  "  pipe"  be  an  ore-body,  and  give  to  the  de- 
posit containing  it  and  its  associated  bodies  such  a  name  as  the 
facts  will  justify. 


IRON  MANUFACTUBE  IN  MEXICO. 

BY   J.    P.    CARSOX,    NEW   YORK   CITY. 

(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

The  works  of  the  Tula  Iron  Company  are  in  the  Hepublic  of 
Mexico,  State  of  Jalisco,  twenty-eight  leagues  southwest  of  Guadal- 
ajara, ten  leagues  northwest  of  the  town  of  Sayula,  through  which 
passes' the  projected  line  of  the  Mexican  National  Railroad.  Its 
geographical  position  would  be  about :  latitude,  20°  10'  N.,  longi- 
tude, 4°  35'  W.  of  Mexico  City.  The  surrounding  country  is  a  roll- 
ing plateau,  GOOO  feet  above  the  sea,  enjoying  the  most  magnificent 
climate  in  the  world,  the  average  temperature  being  about  .70°. 

The  works  were  commenced  in  1850  by  a  company  with  very 
small  capital,  having  not  the  least  idea  of  the  undertaking.  They 
soon  fell  into  the  hands  of  the  money-lenders,  and  after  changing 
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owners  three  times,  the  works  came,  in  1870,  into  the  possession  of 
the  present  company,  and  have  been  in  a  manner  rebuilt.  As  they 
were  originally  commenced  without  any  fixed  plan,  and  each  succes- 
sive owner  has  pulled  down  and  rebuilt  according  to  his  fancy,  the 
result  is  a  number  of  old  machines  and  sheds,  huddled  together  in  the 
most  inconvenient  manner,  which  have  cost  about  four  times  as  much 
as  an  entirely  new  establishment. 

DESCRIPTION    OF    THE    AVORKS. 

Water-poicer. — Being  placed  at  the  junction  of  two  synclinal  val- 
leys, Atunajac  on  the  north  and  Tapalpa  on  the  south,  the  direct 
drainage  of  thirty  square  miles  is  partially  received  ;  and  for  a  trifling 
amount  expended  in  straightening  and  removing  tlie  obstructions  of 
the  various  water-courses,  the  amount  of  water  in  the  dryest  season 
(the  month  of  May),  which  is  now  3.6  cubic  feet  per  second,  may  be 
doubled.     The  rainy  season  commences  in  June  and  ends  in  October. 

The  present  dam  collects  sufficient  water  to  last  until  the  end  of 
April,  or  about  ten  months,  more  or  less.  This  dam  is  of  rubble 
masonry,  built  in  form  of  an  L,  across  the  valley.  It  is  650  feet 
long  and  20  feet  high  at  the  highest  point.  Here  it  is  7  feet  at 
the  base  and  3J  feet  at  the  top ;  the  back  vertical  and  the  face  with 
a  batter  of  2  inches  to  the  foot,  or  the  base  is  equal  to  0.35  of  the 
height.  A  wall  of  this  height  (20  feet),  to  be  just  equal  in  resist- 
ance to  the  pressure  of  the  water,  should  be  at  least  8.4  feet,  or  0.42 
of  the  height.  The  numerous  retaining- walls  added  at  intervals  of 
30  feet  protect  it  from  overturning.  The  back-water  extends  half  a 
mile;  the  average  width  is  600  feet. 

The  ground  contiguous  to  the  works  is  in  the  shape  of  a  horse- 
.shoe.  At  the  apex  or  top  there  is  a  basalt  dike,  80  feet  high,  which  being 
in  the  bed  of  the  old  stream,  the  water  has  eroded  a  deep  ravine 
below,  and  caused  the  present  topography.  On  one  side  is  a  water- 
tank,  to  be  subsequently  mentioned,  on  the  other  are  the  works. 

The  Furnaces. — In  a  deep  excavation  in  the  hillside.  No.  1  furnace 
was  built.  Stack  (brick),  28  feet  high ;  bosh,  6  feet  5  inches,  incli- 
nation, 50°  ;  throat,  3  feet ;  hearth,  19  by  20  inches,  rectangular ;  two 
tuyeres,  1|  inches  and  17|  inches  above  hearth-line;  cold  blast; 
pressure,  1  pound. 

The  lining  above  the  bosh  is  of  refractory  stone,  said  to  have  been 
in  use  thirteen  years ;  the  hearth  is  of  stone.  From  the  tuyeres  to 
the  bosh  a  composition  is  used,  made  of  equal  parts  of  clay,  from  a 
place  called  Capula,  powdered  stone,  and  powdered  quartz.     It  gen- 
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erally  lasts  from  four  to  six  months.  Blast  is  supplied  by  two 
double-acting  wooden  blowing  cylinders,  with  clock  valves;  diam- 
eter, 3  feet;  stroke,  7  feet.  These  also  furnish  blast  for  four  bloom - 
ary  fires  and  two  smiths'  forges.  This  machine  is  driven  by  a  30-feet 
overshot  water-wheel,  which  gives  about  46  per  cent,  of  the  power 
of  the  water  used.  This  wheel  drives  also  a  small  drill-press  and 
turning  lathe. 

In  front  of  furnace  No.  1  is  the  foundry,  40  x  60  feet,  arranged 
with  suitable  cranes  and  apparatus.  To  the  right,  in  an  excavated 
space,  are  two  badly  constructed  cupolas  and  the  exit  gate.  At  the 
end  is  the  carpenter  shop,  very  small  and  crampy,  beneath  which  is 
a  storeroom  for  pig  iron  and  billets.  On  the  same  level  is  the 
bloomary,  twenty  feet  below  the  level  of  the  foundry,  to  the  left, 
which  consists  of  four  bloomary  fires,  two  trip-hammers,  operated  by 
separate  overshot  water-wheels  of  15  feet  diameter.  In  the  same 
building  are  also  an  old  single-puddling  furnace  and  nine-inch  bar 
mill,  both  now  worthless  and  abandoned.  About  fifteen  feet  to  the 
left  of  the  foundry  and  furnaces  is  a  reservoir,  50  x  80  feet,  which 
catches  the  water  from  the  30-feet  water-wheel  and  delivers  it  to  the 
water-wheels  of  the  bloomary. 

Furnace  No.  2  is  immediately  behind  or  to  the  south  of  No.  1 
about  twenty  feet,  in  a  space  excavated  for  the  purpose.  The  stack 
was  of  cut  stone,  with  ornamental  cornices.  It  -was  erected  in  1869. 
Two  horizontal  wooden  blast  cylinders,  4  x  7  feet,  were  geared  to  the 
above-mentioned  30-feet  water-wheel.  A  Wasseralfingen  stove  was 
constructed  to  supply  hot  blast.  An  attempt  to  blow  in  was  made, 
and  after  two  weeks'  severe  labor  a  gas  explosion  destroyed  the  stove, 
the  machinery  was  found  ineffective,  the  work  was  abandoned,  and 
the  lining  torn  out.  Such  was  the  condition  of  the  old  works  in 
1870,  which  are  said  to  have  absorbed  $400,000,  without  taking  into 
consideration  the  hacienda,  church,  workmen's  houses,  and  other  im- 
provements necessary  for  the  existence  of  iron  works. 

THE    NEW    WORKS. 

Blast  furnace  No.  2  has  been  reconstructed  after  plans  furnished 
by  Messrs.  Taws  &  Hartman,  of  Philadelphia.  Hearth  (round),  3 
feet  6  inches  diameter;  bosh,  9  feet;  height,  35  feet;  throat,  3  feet; 
two  tuyeres,  3  inches  diameter  and  30  feet  above  the  hearth-line. 

It  is  lined  from  the  mantle  to  the  throat  with  the  so-called  refrac- 
tory stone.     This  is  a  white  magne^sian  silicious  stone,  which,  when 
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first  quarried,  can  be  cut  easily  with  a  hatchet,  but  when  dry  it 
breaks.  It  is  very  heterogeneous  in  quality.  Of  several  samples, 
apparently  alike,  some  may  be  very  refractory  and  the  others  utterly 
worthless.  AVhen  gradually  heated  to  the  temperature  of  melting 
cast  iron  in  a  thoroughly  clean  bloomary  fire,  it  swells,  cracks,  and 
glazes  greenish,  the  interior  being  porcelain- white.  At  the  end  of 
an  hour  it  melts  to  a  pasty  mass  of  dark-brown  color.  The  trouble 
experienced  with  the  fire-stone  caused  all  the  brick  in  the  country  to 
be  tried,  and  those  of  San  Pedro,  near  Guadalajara,  were  found  to  be 
the  best,  and  although  having  to  be  packed  thirty  leagues  on  mule- 
back,  were  cheaper  than  the  cut  stone,  and  fully  equal,  if  not  supe- 
rior, to  it  in  quality.  These  brick  are  badly  burned ;  on  being 
heated  they  contract  20  per  cent,  of  their  length,  warp,  and  crack. 
There  is  no  quartz  near  San  Pedro,  so  old  brick  and  broken  quartz 
were  sent  to  be  mixed  with  the  clay,  but  as  the  brick  are  made  by 
Indians,  who  tread  the  clay  with  bare  feet  and  knead  it  by  hand, 
they  W'Ould  only  add  quartz  in  fine  powder,  and  claim  that  it  is  the 
only  proper  way  to  make  good  brick.  Over  four  months  were  con- 
sumed before  we  could  get  a  few  experimental  brick  made,  which 
were  found  to  be  an  improvement  on  the  old  brick,  but  many 
months,  or  even  years,  will  elapse  before  they  will  juake  what  is 
wanted.  It  was  finally  decided  to  line  the  bosh  and  hearth  with 
brick,  16  X  1  X  1|  inches,  which  is  the  size  the  Indians  could  make 
most  readily. 

As  there  was  already  on  hand  a  supply  of  water  sufficient  to  run 
a  30-feet  overshot  water-wheel,  consuming  seven  cubic  feet  a  second, 
for  ten  months  in  the  year,  it  was  considered  far  preferable  in  every 
way,  and  more  economical,  to  use  water-power  than  steam,  provided 
that  with  the  great  fall  near  the  works  a  turbine  could  be  got  guar- 
anteed to  do  all  the  work  and  use  only  three  and  one-half  cubic  feet  per 
second,  in  which  case  the  old  wheel,  which  was  much  out  of  repair, 
would  be  abandoned. 

Acting  on  this  view,  one  of  the  owners  of  the  company,  relying 
implicitly  on  the  assurances  and  reputation  of  a  well-known  manu- 
facturer of  turbines  in  the  United  States,  bought  a  horizontal  turbine, 
of  18  inches  diameter,  to  use  as  a  motor.  Two  double-acting  blow- 
ing cylinders,  3  feet  diameter  by  2  feet  stroke,  made  by  Nay  lor  & 
Co.,  of  Philadelphia,  with  shafting,  journals,  and  patterns  for  the 
gearing,  were  bought  and  shipped.  The  housings,  bed-plates,  and 
cog-wheels  (of  brass)  were  made  at  the  works.  Twelve  hundred 
cubic  feet  of  air  per  minute,  at  2|  to  3  pounds  pressure  per  square 
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inch,  and  fifteen  horse-power,  were  required  by  the  furnace.  The 
turbine  was  expected  to  make  six  hundred  to  seven  hundred  revolu- 
tions per  minute,  or  twenty-four  revolutions  to  one  of  the  blowing 
pistons.  Considerable  doubts  were  entertained  about  the  turbine, 
but  from  repeated  assurances  from  the  manufacturers  that,  with  one 
hundred  and  fifteen  feet  fall,  it  would  give  thirty  horse-power,  or  80 
per  cent,  of  the  power  of  the  water  used,  and  as  all  the  machinery 
and  fixtures  were  on  the  ground,  it  was  decided  to  put  it  in.  It  was 
the  intention  to  use  a  wooden  or  brick  conduit  for  the  blast,  but  as 
the  distance  was  great,  and  it  would  have  to  be  built  over  a  stream 
and  up  a  hillside  at  an  inclination  of  35°,  a  wrought-iron  conduit- 
pipe,  20  inches  in  diameter,  was  sent  for,  which  was  shipped  in 
sheets  and  riveted  on  the  ground. 

The  blowing  machinery  was  placed  on  a  solid  cut-stone  founda- 
tion in  the  ravine,  in  line  with  the  hot  blast.  The  length  of  the 
conduit-pipe  was  387  feet.  It  was  provided  with  a  suitable  expan- 
sion joint,  and  properly  secured  to  solid  masonry  pillars.  A  rubble- 
stone  canal,  1000  feet  long,  capable  of  delivering  nine  cubic  feet  of 
water  per  second,  was  built  from  the  dam,  around  the  hillside,  to  a 
small  reservoir,  placed  on  the  other  side  of  the  horseslioe,  opposite 
the  works.  This  reservoir,  60  x  90  x  3  feet,  was  intended  to  catch 
mud,  and  also  to  retain  water  for  thirty  minutes,  in  case  of  sudden 
stoppages.  Cast-iron  pipes,  12  inches  in  diameter,  conveyed  the 
water  two  hundred  and  fifty  feet  from  the  reservoir  to  the  turbine, 
having  a  fall  of  one  hundred  and  fifteen  feet. 

The  season  was  so  far  advanced  that  little  water  could  be  obtained 
to  make  a  thorough  test  of  the  machinery,  but  by  filling  the  reser- 
voir and  noting  the  time  it  took  to  flow  through  the  turbine,  it  was 
found  that  about  seven  to  eight  feet  per  second  were  used,  and  that 
the  turbine  gave  very  little  power  even  then.  The  manufacturers 
now  say  it  was  only  an  experimental  wheel,  and  they  thought  that 
it  would  work. 

A  modification  of  Kent's  hot-blast  stove,  with  twenty  pipes,  capa- 
ble of  heating  2000  cubic  feet  of  air  per  minute  up  to  1000°  F.,  a 
bell  and  hopper,  drop-valves,  and  all  of  the  most  recent  and 
improved  fixtures  from  the  United  States  completed  the  outfit  of 
.this  furnace. 

BAR-MILL. 

This  is  placed  on  the  hill  on  a  level  with  the  top  of  furnace 
JS^o.5,  the  waste  gases  from  which  will  heat,  as  desired,  both  hot-blast 
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and  boilers,  which  are  also  placed  on  the  same  level.  The  building 
is  150  X  40  feet  and  fifteen  feet  in  the  clear,  roof  of  tiles,  supported 
by  heavy  wooden  trusses  resting  on  brick  pillars  ;  ooly  a  portion  of 
the  sides  are  boarded  in  as  a  protection  against  rain.  The  end 
farthest  from  the  blast  furnace,  or  east  end,  is  allotted  to  the  pud- 
dling furnaces,  there  being  space  for  six  ;  one  double  furnace  is  com- 
pleted. In  the  centre  of  the  mill  there  is  a  one-ton  steam-hammer, 
to  shingle  the  puddle  balls  ;  it  is  from  Ferris  &  Miles  of  Philadel- 
phia, and  works  well.  About  midway  of  the  building  on  the  south 
side  are  the  heating  furnaces,  one  of  which  is  in  operation.  Beyond 
the  heating  furnace  is  a  three-high  bar-mill,  of  the  best  workman- 
ship, capable  of  making  2|  inch  bars,  and  all  sizes  of  flats,  1|  inch 
squares,  and  various  sizes  down  to  ,\  round.  A  set  of  puddle- 
rolls  is  provided  and  an  over-head  railroad  connects  them  with 
the  steam-hammer  and  puddling-furnaces.  The  mill  is  driven 
by  a  twenty-inch  leather  belt  from  the  fly-wheel  of  the  engine, 
which  is  in  a  brick  room  on  the  north  side  of  the  building,  oppo- 
site the  heating  furnaces.  The  engine  is  one  hundred  horse-power, 
from  Mackintosh,  Hemphill  &  Co.,  of  Pittsburgh.  It  rests  on  a 
solid  cut-stone  foundation,  and  is  a  particularly  well-built  and 
smooth-working  machine.  There  are  two  boilers  of  the  best  Penn- 
sylvania charcoal  iron,  42  inches  diameter  by  45  feet  long;  they 
have  been  tested  to  150  pounds  hydraulic  pressure,  or  double  the 
working  pressure  allowed.  They  are  provided  with  both  injector 
and  steam-pumj) ;  the  pump  is  usually  worked  and  the  injector 
kept  for  accidents ;  a  little  water  is  always  kept  running  from  one 
of  the  cocks  so  that  the  fireman  may  know  that  the  boilers  are  full. 
A  steam-pump  and  shears  are  very  much  needed  to  complete  the 
equipment. 

The  mill  has  been  constructed  to  work  towards  the  blast  furnace, 
or  west,  where  there  is  but  little  space ;  it  should  have  been  made 
to  deliver  at  the  east  end  where  there  is  ample  room. 

FOUNDRY. 

This  requires  no  special  description  ;  castings  are  generally  made 
direct  from  the  blast  furnace,  but  when  the  latter  is  not  in  blast  the 
cupolas  are  used  ;  these  are  badly  constructed  and  insufficiently  sup- 
plied with  blast,  and  as  much  as  sixteen  hours  have  been  consumed 
in  getting  a  single  heat  from  them.  The  fly-wheel  of  the  engine, 
fourteen  feet  in  diameter,  and  Aveighing  over  four  tons  was  cast  in  a 
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single  piece  direct  from  the  blast  furnace,  as  were  also  the  bed- 
plates of  the  engine  and  blowing  machinery,  and  various  heavy 
castings  of  the  hot-blast.  Every  description  of  castings  can  be 
made  from  five  pounds  up  to  four  tons,  but  they  have  no  experience 
in  making  castings  as  thin  as  a  quarter  of  an  inch.  Castings  are 
generally  made  in  the  evening  and  removed  in  the  morning.  It 
seems  to  be  a  fixed  custom  to  immediately  remove  the  top  cov- 
ering as  soon  as  the  iron  solidifies,  and  allow  the  top  to  cool,  so 
the  piece  frequently  warps  and  is  generally  so  hard  that  it  is  diffi- 
cult to  cut  with  either  file  or  cold-chisel.  The  workmen  are  spe- 
cially skilful  in  making  baluster  railings,  ornamental  rustic  chairs, 
and  sugar-boilers ;  of  this  class  of  work  few  foundries  of  the  United 
States  or  Europe  can  make  neater  or  cleaner  castings. 

TOOLS,  ETC. 

There  are  several  smith's  forges  scattered  around,  well  supplied 
with  tools,  and  a  lathe  and  drill-press,  in  bad  condition,  driven  by 
water-power.  The  carpenter  shops,  of  which  there  are  two,  are 
fairly  furnished,  but  no  seasoned  lumber  is  ever  kept  on  hand  even 
to  make  patterns ;  in  fact  only  a  few  boards  are  brought  on  mule- 
back,  from  time  to  time,  from  the  .saw-mill  fifteen  miles  distant,  as 
necessity  demands.  There  was  but  one  good  monkey-wrench,  after 
which  boys  were  kept  in  perpetual  pursuit.  The  shovels  were  of 
wood,  and  there  was  a  general  deficiency  of  picks,  axes,  and  other 
small  but  absolutely  necessary  tools.  Tramways  with  hand-cai-s 
should  be  substituted  for  the  barbarous  and  expensive  system  of 
packing  loads  on  men's  backs ;  but  the  most  deep-seated  and  yet 
cunning  prejudices  exist  against  all  labor-saving  devices. 

ORE   SUPPLY. 

The  DisiriGt  of  Tula — The  nucleus  of  the  hills  is  greenstone, 
generally  overlaid  by  a  thin  seam  of  a  shaly  disjointed  sand-rock, 
the  joints  of  which  are  highly  discolored  by  oxide  of  iron.  In  some 
places  may  be  observed  a  layer  of  stone,  wiiich,  from  its  position  and 
character,  has  evidently  been  formed  from  the  disintegration  of  the 
greenstone,  and  subsequently  cemented. 

Amole  Mine — This  is  situated  on  the  side  of  a  ravine  two.  and  a  half 
miles  from  the  works;  it  is  the  oidy  mine  in  the  district,  but  from 
theocccurrence  of  iron  outcrops  in  various  places,  others  will  probably 
be  found  and  opened  up  with  advantage.     On  one  side  of  it  is  a  trap 
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dike,  on  the  other  side  the  disjointed  stone,  and  lower  down  the  ravine 
the  cemented  stone.  It  is  worked  by  an  open  cnt  extending  horizon- 
tally seventy-five  feet  into  the  hill.  So  far  it  is  only  a  pocket,  bnt 
from  the  indications  of  float  rock  above,  a  small  drift  would  possibly 
soon  disclose  a  vein  parallel  with  the  dike.  The  ore  and  waste  (the 
latter  being  thrown  into  the  ravine)  are  packed  on  men's  backs.  A 
mine  car  is  very  much  needed,  since  the  farther  the  open  cut  pene- 
trates the  hill  the  more  will  be  the  waste  and  the  greater  the  distance 
it  will  have  to  be  carried.  The  ore  occurs  in  bunches,  and  is  very 
variable,  passing  from  a  limonite  to  a  crystalline  specular  hematite 
and  a  micaceous  hematite,  the  one  verging  into  the  other  without 
any  apparent  regularity;  it  is  broken  and  hand-picked  at  the  mine. 
The  gangue  is  clay  mixed  with  decomposed  hornblende.  This  ore 
is  very  unpopular  with  the  fnrnacemen  ;  the  micaceous  ore  they 
call  plumbacina  (graphite)  and  throw  away  as  worthless.  The  fol- 
lowing are  the  analyses  of  two  samples  of  the  limonites,  such  as  they 
prefer  to  work,  made  by  Kenneth  Robertson,  E.  M.,  of  Easton, 
Pennsylvania: 

Silica,       ..... 

Water, 

Alumina,  .... 

Phosphoric  acid, 
Sesquioxide  of  iron. 
Protoxide  of  iron,    . 
Lime,       ..... 
Magnesia,        .... 


Metallic  iron,  .... 
Phosphorus,     .... 

The  cost  of  mining  is  $0.9|  per  carga  of  300  pounds  or  $0.62^ 
per  ton  ;  transportation  to  works  $0.1 2|  per  carga  or  $0.83|  per 
ton  ;  or  total  cost  of  one  ton  of  2000  pounds  delivered  at  the  works 
$1.46. 

The  Mineral  District  of  ChiquUistlan. — This  is  twenty  miles  west 
of  the  works  and  is  of  very  interesting  character.  The  formation  i)< 
limestone  (probably  Tertiary),  greatly  upheaved  by  volcanic  action, 
and  penetrated  in  various  directions  by  trap  dikes.  The  general 
trend  is  northeast  by  southwest.  Comparatively  near  together  are 
mines  of  iron,  copper  (botli  oxides  and  pyrites),  silver,  lead,  coal, 
and,  I  am  told,  also,  tin  and  graphite.  Here,  also,  is  the  once  famous 
cinnabar  mine  of  La  Manta,  which  caused  the  town  to  be  a  quite 


(1) 

(2) 

29.33 

27.50 

2.19 

6.21 

1.16 

2.10 

0.21 

0.46 

63.74 

63.38 

2.56 

0.56 

0.25 

0.25 

0.10 

100.00 

ino.oo 

46.68 

44  36 

0.092 

0.20 
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important  place.  It  was  worked  by  the  Spaniards,  who  only  em- 
ployed prisoners,  and  it  is  said  that  any  man  who  survived  six 
months'  work  was  given  his  freedom.  The  mine  is  now  abandoned, 
but  with  machinery  could  easily  be  opened.  The  large  excavations, 
and  a  pile  of  over  ten  thousand  tons  of  debris,  attest  the  extent  of  the 
operations.  A  little  mercury  is  distilled  in  Canteras,  from  a  hy- 
draulic washing  in  the  neighborhood.  There  is  an  abundance  of 
wood  and  water  near  this  mine. 

Tacotes  3Ime. — This  is  the  principal  iron  mine  of  the  works,  from 
which  it  is  twenty-one  miles  distant,  the  transportation  being  effected 
as  usual  by  pack-mules.  It  is  situated  in  the  southern  portion  of 
the  district,  on  the  side  of  a  steep  hill,  about  eight  hundred  feet  above 
a  ravine.  The  vein  is  what  is  termed  segregated,  occupying  a  space 
betv/een  parallel  seams  of  limestone.  Its  outcrop  may  be  distinctly 
traced  from  the  top  of  the  hill  to  near  the  bottom  of  the  ravine,  and 
I  am  told  that  it  also  extends  to  the  other  side  of  the  hill,  but  that 
has  not  been  proved.  Half-way  up  the  hill  it  is  worked  by  an  open 
cut,  which  now  extends  horizontally  inward  about  two  hundreed  feet 
by  eighty  feet  wide,  and  exposes  six  seams  of  ore  of  an  aggregate 
thickness  of  fifty  to  sixty  feet.  A  little  powder  is  occasionally  used 
for  blasting.  The  chief  labor  is  in  disposing  of  the  waste,  which  is 
packed  on  men's  backs,  in  raw-hide  sacks,  and  dumped  in  the  ravine. 
The  natural  way  to  work  the  mine  would  seem  to  be  in  benches  or 
steps,  using  chutes  and  mine  cars  to  carry  off  the  waste  to  two  small 
ravines  which  exist  conveniently  on  either  side  of  the  vein,  and  down 
which  water  continually  flows.  The  cost  of  exploration  would  thus 
be  diminished  and  the  yield  be  increased  to  any  desired  extent. 

The  present  cost  of  mining  is  4|-  cents  per  carga,  or  28  j\  cents 
per  ton ;  transportation  to  works,  37|  cents  per  carga,  or  $2.50  per 
ton.     Total  cost  per  ton  at  the  works,  $2.78  ^\. 

The  gangue  is  clay,  with  very  hard  silicious  nodules  of  iron  ore. 
The  following  are  the  analyses  of  the  various  seams,  made  by  the 
above-mentioned  chemist : 
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'a 

o 

.  d 

.a 

°  2 

.  o 
•  « 

"si 

c  a 

Silica 

1.14 

0.90 

0.76 

0.:',9 

95.97 

1.70 
1.16 
0.58 
0.06 
95.97 

2.81 
0.55 
2  36 
0  21 
69  68 
22.68 

2.49 

""i  is" 

0.14 
94.80 

9.50 
0  30 
2.03 
trace. 
64.39 
22.68 

4.72 
5.69 
1.20 
0.47 
86.67 

"""0.52" 
0.48 
0.25 

3.73 
1.43 

1.52 
0.21 
84.58 
7.56 
0.09 
0.30 
0.58 

Phosphoric  acid 

Sesquioxide  of  iron 

Sesquioxide  of  manganese 

Lime 

0.32 
0.52 

6.27 
0.26 

0.28 
1.43 

0.28 
0.11 

0.20 
0.90 

100.00 

67.18 
0.17 

100.00 

67.18 
0.02G 

100.00 

66.44 
0.092 

100.00 

66.36 
0.06 

100.00 
62.73 

100.00 

60.67 
0.20 

100.00 

65.09 
0.092 

These  ores,  from  No.  1  to  No.  4,  are  brown  hematites ;  No.  5  is 
occasionally  crystalline,  and  makes  excellent  fettling  for  the  pud- 
dling furnaces ;  No.  7  is  extensively  sold  to  the  numerous  Catalan 
forges  in  the  neighborhood,  or  exchanged  for  other  ores  that  the  forge- 
men  dislike  to  work. 

La  Mora  lllne. — This  is  nine  miles  north  of  Tacotes,  in  a  similar 
formation  to  the  last,  but  more  irregular.  It  has  been  worked  from 
the  time  of  the  Spaniards,  and  extends  about  three  hundred  feet 
under  ground  in  various  directions.  The  ore  has  not  been  mined,  but 
dug  out.  Several  crosses  are  placed  at  the  entrance  of  the  mine,  to 
encourage  the  miner  and  insure  him  of  safety.  It  is  now  only 
worked  to  a  limited  extent,  to  mix  with  other  ores.  It  is  much 
sought  after  by  the  Catalan-forgemen,  and  the  blast-furnacemen 
consider  it  almost  impossible  to  work  without  it.  The  following 
analysis  does  not  indicate  any  important  difference  from  the  ofher 
ores.  It  must,  therefore,  owe  its  good  qualities  to  its  molecular  con- 
dition : 

Silica, 3.24 

Alumina,           ..........  288 

Phosphoric  acid,      .........  0.37 

Sesquioxide  of  iron,          .         .         .          .         .         .         .         ,  68.61 

Protoxide  of  iron,  .........  22.73 

Oxide  of  manganese,         ........  0.52 

Lime, 0.34 

Magnesia, .         .         .1.31 

100  00 

Metallic  Iron, 65.72 

Phosphorus, 0.16 

It  costs  to  mine,  16  cents  per  carga,  or  $1.15  per  ton;  transporta- 
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tion,  43^  cents  per  carga,  or  $2.92  per  ton.     Total  cost  at  the  works, 
$4.07  per  ton. 

Las  Animas  Mine. — This  is  also  a  segregated  vein  in  limestone, 
four  miles  west  of  La  Mora  mine.  The  outcrop  can  be  traced  with- 
out difficulty  for  over  a  thousand  feet.  The  vein  is  well  defined  and 
regular,  varying  from  three  to  five  feet  in  thickness.  It  has  been  but 
recently  opened  and  the  exploitation  is  done  in  a  very  workmanlike 
manner.  The  property  is  not  owned  by  the  company,  but  the  ore  is 
exchanged  for  that  of  Tacotes  and  delivered  at  the  works  for  the 
same  price.  The  forgemen  do  not  like  it.  In  the  blast  furnace  it 
works  well  and  makes  a  very  fine-grained  and  very  tough  iron, 
which  has  not  yet  been  analyzed.  Within  half  a  mile  of  this  mine 
occur  several  pockets  of  cinnabar,  that  have  been  worked  from  time 
to  time  for  the  last  two  hundred  years,  yielding  from  one  to  five 
per  cent  of  mercury. 

COAL. 

On  the  northern  edge  of  this  district,  eight  miles  northeast  of  La 
Mora,  occurs  an  outcrop  of  coal,  occupying  seams  of  limestone  and 
shale,  the  latter  being  in  contact  with  the  volcanic  rock.  There  are 
four  distinct  seams  of  bituminous  coal,  dipping  conformably  with  the 
limestone,  varying  in  thickness  from  eighteen  inches  to  three  feet. 
A  shaft  thirty  feet  deep  on  the  largest,  discloses  a  seam  of  bitu- 
minous shale  interstratified  with  small  seams  of  bituminous  coal, 
with  conchoidal  fracture,  bright  surface,  and  very  pyritiferous. 
When  slightly  heated  it  will  burn  with  a  bright  flame.  Before  the 
blow-pipe  it  cakes  and  gives  off  a  strong  empyreumatic  odor.  It 
may  be  valuable  some  day  for  steam  purposes,  but  will  never  be 
useful  metallurgically,  and  is  probably  a  deposit  that  would  not  pay 
for  prospecting. 

LIMESTONE. 

This  occurs  in  an  inexhaustible  bed  nine  miles  south  of  the  works, 
in  a  prolongation  of  the  Chiquilistlan  formation.  It  is  delivered, 
ciilcined,  at  75  cents  per  carga,  or  $5.00  per  ton.  The  raw  stone  can 
be  delivered  at  $1.40  per  ton,  but  the  calcined  stone  is  used  in  the 
furnace  because  they  are  used  to  it,  although  the  saving  in  fuel  is  in- 
considerable. 

The  following  is  the  analysis  of  the  calcined  stone,  and  calculated 
analysis  of  the  raw  stone  : 
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Calcined. 

Raw. 

Silica 

1.90 

1.48 

Alumina  and  oxide  of  iron, 

2.59 

1.95 

Lime, 

.       70.4.3 

53.12 

Magnesia,            .... 

1.08 

0.82 

Carbonic  acid,   .... 

.       23.94 

42.63 

100.00  100.00 

FUEL. 

The  company  owns  six  and  a  half  square  leagues,  or  thirty-six 
thousand  acres  of  land  surrounding  the  works,  one-half  of  which  is 
already  cleared ;  but  for  twenty  leagues  around  the  mountains  are 
covered  with  a  magnificent  forest  of  oak  and  pine,  and  several  valu- 
able leases  or  privileges  are  held  for  cutting  timber  at  the  most  acces- 
sible points.  The  wood  is  burnt  in  piles  containing  about  ten  cords 
(one  cord  equal  to  one  hundred  and  twenty-eight  cubic  feet),  and 
yields  charcoal  of  the  best  quality,  weighing  seventeen  to  twenty 
pounds  per  bushel,  of  two  thousand  seven  hundred  and  forty-seven 
cubic  inches. 

The  charcoal-burners  are  Indians,  who  work  by  contract.  To 
avoid  hauling  or  packing  the  wood  they  build  their  piles  where  the 
wood  falls.  They  are  always  very  small ;  sometimes  many  are  built 
about  one  hundred  feet  apart,  with  only  one  man  to  attend  them 
all.  During  a  windy  day,  which  frequently  occurs,  some  are  neces- 
sarily neglected.  It  is  useless  to  try  to  persuade  them  that  this  sys- 
tem is  very  wasteful,  and  that  experience  elsewhere  has  shown,  that 
it  is  far  more  economical  in  labor  and  yield  of  coal  to  haul  wood  and 
burn  it  in  kilns,  or  at  least  in  piles  containing  thirty  or  forty  cords. 
The  charcoal  is  delivered  in  sacks,  weighing  one  hundred  to  one 
hundred  and  twenty  pounds,  including  waste,  at  twenty-three  cents 
a  sack,  or  about  four  cents  a  bushel. 

The  coal  should  be  forked,  all  brands,  waste,  and  stones  rejected, 
and  be  paid  for  either  by  weight  or  by  mea.sure;  but  this  is  never 
done,  being  contrary  to  the  "costumbus  del  pais." 

COST    PER   TON    (2000    LB.S.)    OF    PIG    IRON. 

Roasting  and  Breaking. — The  ores  from  the  mines  of  Tacotes, 
Las  Animas,  and  Amole  are  roasted  in  piles,  with  wood  and  charcoal 
braize,  and  then  broken  by  hand,  whether  they  have  been  fused  or 
not,  to  the  size  of  a  walnut;  about  five  per  cent,  is  lost  in  this  opera- 
tion as  waste. 

Co.st  of  roasting  per  ton,         .         .         .         .         .         ,         .     $0  40 
"      breaking        " 0.20 
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Charges  of  Furnace  No.  1. 

Tacotes, 1.5  boxes  =  118  lbs. 

Amole, 0.5     "       =    33  " 

Lit  Mora, 0.5     "       =    33  " 

- — -  184  lbs. 

Charcoal, 4  baskets  =  165    " 

Calcined  limestone,  .         .         .         ,         .     ^  shovel    =      2.06  lbs. 

Number  of  charges  a  day,  50  to  60 ;  yield  of  iron,  about  55  per 
cent.;  loss  of  iron  in  slag,  7  j)er  cent.;  average  production  per  day, 
3  tons  ;  charcoal  consumed  per  ton  of  iron,  3228  pounds.  In  addi- 
tion, about  20  bushels  are  consumed  at  the  tymp  (no  clay  or  sand 
stopper  being  used),  from  which  rises  a  bright  flame  two  or  three 
feet  higl),  similar  to  that  of  the  Catalan  forges,  as  worked  by  the  In- 
dians in  the  neiirhborhood. 


Cost  of  Hater ia I  per  Ton  of  Iron. 

Tacotes      ore  roasted  and  broken,  1.15  tons  @  $3.38,  . 

Amole         "  "         "  "         0  33     "  @    1.35,  . 

La  Mora,   "  "         "  "         0.33     "  @    4.27,  . 

Lime,  41  lbs.,      .         .         .         .         .         .  @  k  cent, 

Charcoal,  180  bus., @  4     " 


Total  cost  of  material, 


$3.89 
0.44 
1.41 
0.10 
7.20 


$13.04 


Cost  of  Labor  per  Ton  of  Iron. 

First    keeper,     ,         .         .  $1.25    per  day 
Second     "            ...        1.12^       " 
2  helpers,  @  50    cents,       .        1.00         " 
4  fillers,     @  37J     "            .        1  50         " 

Total  for  labor,  .         .    $4.87^ 

Superintendence,  repairs,  etc.. 


for  3  tons,  or  per  ton,  $1.62 
2.50 


Total  cost  per  ton,     ........         $17.16 

Cost  per  Ton  of  Iron  Refined  in  Bloomary  and  Hammered  into  Billets. 


Labor  of  melter  per  quintal,    .  $0.43| 

"  hammerman     "         .      0.30  —  $0.73|,  or  per  ton, 

Fuel,  6000  lbs.  charcoal,  or  333  bus.,    @     0.04,       . 
Iron,         ....       1.25  tons   @   17.16, 
Kepairs,  superintendence,  and  foremen, 

Total  cost  per  ton  of  billets,      ..... 
Loss  of  iron,  from  15  to  35  per  cent. 


$14.75 

13.33 

21.45 

2.50 

$52.03 
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The  hammermen  are  paid  for  other  jDieces  as  follows 


Shafts,  per  quintal, 
Cart  axles,    " 


$1.00 
.50 


Cost  of  One  Ton  of  Fuddled  Bar  Iron,  Shingled  by  Steam  Hammer. 
This  estimate  is  based  on  the  few  weeks'  work  of  the  double  pud- 


dlino;  furnace. 


1.05  tons  of  pig  iron  @  $17.16,     . 
Packing      "     "         top  of  hill  to  the  furnace, 
7  cartloads  of  wood  (388  cubic  feet)  @,  75  cents, 
Labor,  per  ton,      ...... 

Shingling,   "  ...... 

Roughing  rolls,     ...... 

Engine-driver.s,  steam,  etc., 
Superintendence,  repairs,  and  foremen, 


$18.02 
.45 
5.25 
3  50 
.60 
2.50 
1.18 
2.50 

$34.00 


Cost  per  ton  of  puddle  bar,    . 

Capacity  of  furnace,  2  to  2.5  tons  per  day, 


Cost  of  One  Ton  of  Ordinary  Bar  Iron,  Rolled  from  Billets. 


95  cents 


1.045  tons  of  billets  @  $52.03,      . 
Packing  from  bloomary  to  mill,  . 
Heating  (labor),    ...... 

Heating  (fuel,  6  cartloads  wood,  334  cubic  feet. 

Rolling,  straightening,  etc., 

Engine-driver  and  firemen, 

Fuel  for  engine,     ...... 

Superintendence,  repairs,  and  foremen, 

Total  cost  per  ton  of  bars. 

Average  rolled  per  day,  5  tons  ;  maximum,  7  tons. 


$54.36 
1.04 
1.00 
4  50 
5.00 
.68 
.50 
2  50 

$69.58 


Cost  of  One  Ton  of  Ordinary  Bar _  Iron,  Rolled  from  Paddle  Bar. 


1.045  tons  puddle  bar,  @  $34.00, 
Heating,  rolling,  etc., 


$35.53 
14.18 

$49.71 


From  the  notes  of  Mr.  Michael  O'Neil,  an  experienced  puddler 
from  Bethlehem,  Pennsylvania,  I  gather  the  following,  which  is 
added  as  an  interesting  description  of  the  condition  of  the  works. 
He  found  the  small  puddling  furnace  choked  up  and  that  it  had 
been  used  for  melting  brass.  After  making  proper  repairs,  using 
the  refractory  stone  of  the  country,  which  he  was  assured  was  "per- 
fectly infusible,"  it  was  started.  The  charges  were  first  350  pounds 
of  iron,  and,  finally,  450  pounds ;  the  iron  melted  in  three  quarters 
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of  an  hour,  and  each  heat  lasted  about  an  hour  and  a  half;  here 
a  heat  usually  takes  from  two  to  two  and  a  quarter  hours.  The 
iron  was  very  dry,  but  with  ])lenty  of  good  dry  wood  it  worked 
perfectly.  Balls  of  only  80  to  100  pounds  were  made,  and  shingled 
under  a  small  trip-hammer  of  two  and  a  half  inch  face.  After 
every  two  or  three  heats,  delays  occurred  on  account  of  portions  of 
the  roof  and  stack  melting  down,  which  would  have  to  be  removed. 
Two  entire  new  roofs  of  the  "refractory"  stone  were  built  from 
Nov.  1st  to  Jan.  31st,  when  so  much  of  the  stack  fell  that  it  was 
deemed  useless  to  repair  it,  and  puddling  was  postponed  for  a  time. 

The  time  from  February  until  May  was  consumed  in  building  the 
heating  furnace.  The  refractory  stone  was  again  used,  the  roof  was 
twelve  inches  thick,  and  would  last  about  three  weeks,  single  turn, 
but  the  chimney,  after  three  days,  melted  so  much  as  to  entirely  fill 
the  take-up  and  stop  operations ;  it  was  then  lined  with  fire-brick, 
and  has  worked  well  ever  since.  The  charge  was  800  to  1200 
pounds,  according  to  the  size  of  the  billets,  and  took  three-quarters 
of  an  hour  to  heat. 

The  double-puddling  furnace  was  commenced  in  May,  and  com- 
pleted about  the  middle  of  August.  Here  numerous  drawbacks 
again  occurred ;  from  the  contraction  of  the  fire-brick ;  the  bridge 
wall  fell,  damaging  a  portion  of  the  fire-chamber.  The  Avood 
was  so  wet  that  even  though  dried  in  strips  on  hot  iron  plates,  it 
would  scarcely  burn,  so  that  the  grate-bars  had  to  be  altered  to 
allow  the  addition  of  charcoal.  The  hands  were  green,  and  from 
their  little  knowledge  previously  gained  at  the  small  furnace,  were 
very  conceited  and  impertinent,  considering  themselves  teachers 
rather  than  learners.  The  charges  were  900  pounds,  and  six  heats 
were  made  in  eleven  hours ;  the  iron  hammered  under  the  steam- 
hammer,  worked  well,  and  was  of  fair  quality.  Work  continued 
about  two  weeks,  when  fifteen  feet  of  the  stack  fell  on  account  of  the 
contraction  of  the  fire-brick,  a  portion  being  constructed  of  key-brick; 
the  work  was  then  sto])ped. 

Mr.  O'Neil's  contract  expiring  at  this  time  he  came  home,  after 
havino;  taught  them  all  he  could  in  a  year.  It  is  much  to  be 
regretted  that  they  did  not  learn  more,  or  rather  that  they  concluded 
that  they  had  learned  everything,  and  allowed  him  to  return  so  soon. 
His  salary,  travelling  expenses  and  maintenance,  amounte.d  to  about 
$4000.  One  may  judge  of  the  cost  of  this  experiment,  which  may 
be  taken  as  a  type  of  the  cost  and  difficulty  of  introducing  new 
things  into  this  country.     We  refrain  from  estimating  the  cost  per 
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ton  of  the  iron  he  did  puddle,  but  will   mention  the  quality  of  that 
puddled  in  the  small  single  furnace. 

The  usual  Mexican  test  is  to  hammer  a  rod  cold  into  a  nail:  this 
it  stood  perfectly.  Specimens  of  this  iron  were  exhibited  at  the  Cen- 
tennial Exhibition,  and  tested  on  Richie's  testing  machine.  The 
tensile  strength  per  square  inch  was  as  follows:  53,880  pounds; 
54,060  pounds;  54,700  pounds;  58,930  pounds;  58,590  pounds. 
The  qualities  of  this  iron  are  magnificent.  Even  with  the  present 
rude  manufacture,  it  fully  equals  the  special  brands  of  European  and 
American  iron,  manufactured  with  the  greatest  care  and  skill. 

PRESENT    PRODUCTION    OF   THE    WORKS. 

Active  operations  are  carried  on  from  the  first  of  July  to  the  first 
of  May,  ten  months,  or  while  the  supply  of  water  lasts.  During 
this  period  the  furnace  is  in  blast  about  two  hundred  days,  produc- 
ing about  400  tons  of  pig  iron  and  castings.  The  bloomary  fires  are 
active,  off  and  on,  all  the  time ;  but  from  stoppages  on  Sundays,  Saint's 
days,  and  break-downs,  they  may  be  said  to  average  three  and  a  half 
weeks'  actual  work  during  the  month,  or  thirty-five  weeks  for  the 
year.  Each  bloomary  produces  3  tons  of  billets  a  week,  with  a  loss 
of  iron  of  about  25  per  cent.  These  three  bloomaries,  during  the 
year,  produced  315  tons  of  billets  and  consumed  394  tons  of  pig  iron. 
The  loss  of  heating  and  rolling  billets  into  bar  iron  is  4J  per  cent., 
leaving  a  yield  of  301  tons  of  bar  iron.  Castings  are  made  direct 
from  the  blast  furnace  at  a  cost  for  patterns  and  moulding  of  three- 
quarters  of  a  cent,  per  pound,  or  §15  per  ton  ;  whence  we  have — 


To  206  tons  of  castings  @  $32.16, 
"    301  tons  bar  iron  @  $09.58,      . 

Ey  507  tons  @  10  cts.  pr  pound,  or  $200  per  ton 
Balance  in  favor, 


ESTIMATED    PRODUCTION   OF    THE    WORKS    WHEN    COMPI-ETED   AND 
IN   GOOD    RUNNING    ORDER. 

We  will  assume  that  all  the  production  is  from  furnace  No.  2, 
the  puddling  furnaces  and  rolling  n)ill,  though  for  four  months  in 
the  year,  when  there  is  an  excess  of  water,  furnace  No.  1  and  the 
bloomaries  might  be  employed. 

Assuming  furnace  No.  2  to  be  worked  under  the  same  conditions 


Dr. 

Cr. 

.    $6,624.96 

.     20,843.58 

irton,     . 

$101,400.00 

$73,931.46 

$101,400.00     . 

$101,400.00 
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as  furnace  No.  1  as  regards  ore,  fuel,  and  labor,  and  that  it  produces 
ten  tons  of  pig  iron  daily,  the  price  of  labor  per  ton  will  be  reduced 
to  $1.13,  and  it  will  then  cost  $16.03. 

Supposing  the  furnace  in  blast  200  days  per  year  at  10  tons  per 
day, — 2000  tons;  of  this  is.  sold  as  castings,  500  tons,  leaving  to 
be  puddled  and  rolled  into  bar  iron,  1500  tons.  Assume  that 
the  mill  works  250  days  a  year,  and  each  double-puddling  fur- 
nace only  produces  2  tons  per  day,  or  500  tons  per  annum,  then 
three  puddling  furnaces  (allow  one  more  for  accidents),  and  two  re- 
heating furnaces  will  do  the  work.  We  have  then  as  the  produc- 
tion of  the  works  the  following  : 

Dr.  Cr. 

To  500  tons  castings  @  $31.02,      .     .     $15,515.00 
"    1376  tons  bar  iron,  $49.71,       .      •       68,400.96 

By  1876  tons  @  8  cts.  pr.  pound,  or  $160  pr.  ton,    .     .     .     $299,160.00 
Balance  in  t'iivor,     .      $215,244  04 


$299,160.00  .     .     $299,160.00 

Such  is  the  condition  of  the  manufacture  of  iron  in  this  portion 
of  Mexico,  and  it  may  be  taken  as  a  type  of  its  manufacture  in  other 
parts  of  the  republic. 

It  is  obvious  that  the  works  were  badly  located  in  the  beginning, 
and  it  is  a  question  whether  it  would  not  have  been  more  judicious, 
instead  of  adding  to  their  new  improvements,  to  have  built  an  en- 
tirely new  concern  at  the  Tacotes  Mine,  using  steam-power  entirely. 

While  the  large  furnace  is  in  full  blast  the  daily  transportation  of 
15  tons  of  ore  from  the  Tacotes  Mine,  will  require  210  mules  and 
35  mounted  drivers,  a  day  being  allowed  them  to  return.  A  wagon 
road  will  have  to  be  constructed :  then  6  wagons,  72  mules,  and  12 
drivers  will  do  the  work.  Still  these  works  possess  advantages  that 
few  enjoy,  and  were  their  resources  properly  developed,  they  would 
make  iron  cheaper  than  anywhere  in  the  world.  They  have  the 
richest  and  purest  of  ores,  that  produce  an  iron  only  surpassed  by 
the  best  from  Sweden,  abundance  of  cheap  fuel,  and  superabundance 
of  cheap  labor.  This  last,  however,  is  not  an  unalloyed  blessing, 
for  double  the  necessary  number,  and  a  host  of  decrepit  old  foremen 
are  employed,  and  the  "compadre"  system  ail-powerfully  reigns. 

The  market  for  the  iron  extends  throughout  the  States  of  Colima, 
Michoacan,  Jalisco,  and  Zacatec^as ;  covering  an  area  of  more  than 
100,000  square  miles  of  the  richest  and  most  enterprising  part  of  the 
republic,  and  the  works  always  have  more  orders  than  they  can  fill,  at 
prices  ranging  from  eight  cents  to  ten  cents  per  pound.     There  is  a 
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slight  competition  from  foreign  iron  in  the  towns  near  the  coast,  but 
as  this  has  paid  excessive  duties  and  costs  of  transportation,  it  can 
be  easily  excluded  by  the  really  superior  Tula  iron,  which  can  always 
undersell  it. 

There  are  many  Catalan  forges  in  the  neighborliood  operated  by 
Indians,  who  eke  out  a  meagre  existence  by  selling,  at  three  cents  per 
pound,  the  plow-shares,  axes,  and  billets  they  produce,  to  the  shop- 
keepers, who  advance  them  food.  This  manufacture  does  not  amount 
to  a  competition  ;  but  a  well-organized  lot  of  forges  throughout  the 
country,  and  portable  steam-engine  and  hammer  to  make  nail-rods, 
which  would  require  but  very  small  capital,  could  offer  very  serious 
competition. 

In  the  face  of  numerous  difficulties,  and  after  the  expenditure  of 
immense  sums  of  money  and  indomitable  energy  and  pluck,  Tula 
has  been  established,  and  fully  contributed  its  share  to  the  advance- 
ment of  the  independence  and  civilization  of  the  country. 


THE  ACTION  OF  SMALL  SPHERES  OF  SOLIDS  IN  ASCEN'I)- 
ING  CUBE  EN  TS  OF  FLUIDS,  AND  IN  FLUIDS  AT  BEST. 

BY  J.  C.  BARTLETT,  A.M.,  CAMBRIDGE,  MASS. 

(Read  at  the  Wilkes-Barre  Meetiug,  May,  1877.) 

The  following  discussion  was  suggested  by  an  experiment  of  Mr. 
Krom,  the  manufacturer  of  air-jigs,  to  illustrate  the  superiority  of 
air  over  water  as  a  medium  of  concentration.  The  paper  is  written 
in  the  interest  of  no  system  of  concentration,  but  simply  to  test  the 
experiment,  and,  perchance,  to  add  something  to  the  general  fund  of 
information  on  the  subject. 

To  speak  of  testing  an  experiment  by  a  theoretical  discussion,  may 
seem  a  misuse  of  terms,  but  the  theories  concerning  filling  bodies 
and  tlie  resistance  of  fluids  are  pretty  well  crystallized  into  laws, 
which  may  properly  be  used  to  show  where  experiments  which  seem 
to  refute  them  were  improperly  performed,  and  that  instead  of  refut- 
ing they  only  corroborate. 

It  is  well  known  that  a  sphere  of  galena  ^  inch  in  diameter,  and 
a  sphere  of  quartz  J  inch  in  diameter,  are  equal  falling  in  water; 
that  is,  these  two  spheres,  being  placed  together  in  a  colun)n  of  water 
at  rest  or  in  motion,  will  practically  remain  together,  falling  or  rising 
together,  or  remaining  in  suspension.     Mr.  Krom,  to  show  that  these 
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spheres  could  be  separated  in  a  current  of  air,  and  hence,  as  he  sup- 
poses, to  show  that  air  is  a  better  medinm  for  separation  than  water, 
performed  the  following  experiment.  He  says  :  "  I  erected  two  glass 
tubes,  each  two  inches  in  diameter,  and  eight  feet  high.  One  of  these 
tubes  I  filled  with  water,  through  the  other  I  forced  a  regulated  blast 
of  air.  I  found  that,  practically,  as  above  stated,  ^  inch  globule  of 
galena,  and  4-8  inch  globule  of  quartz  fall  in  equal  times  in  the 
column  of  water.  But  when  the  blast  of  air  was  regulated  to  retard 
the  galena  in  falling  to  the  same  extent  as  water,  then  the  4-8  of 
quartz  was  sustained  by  the  blast  of  air,  and  did  not  fall,  while  the 
galena  fell  as  rapidly  as  in  the  tube  of  water." 

It  is  a  very  remarkable  coincidence  that  the  quartz  ball  should  be 
exactly  held  in  suspension,  and  the  galena  ball  should  be  caused  to 
fall  in  exactly  the  same  time  as  in  water  by  the  same  blast  of  air. 
It  might  be  supposed  that  the  quartz  ball,  the  two  balls  being  trans- 
ferred from  water  to  air,  losing  so  much  more  sustaining  force  due  to 
the  buoyancy  of  the  water  than  the  galena,  would  tend  to  fall  faster 
than  the  galena  ball,  and  hence  that  a  blast  of  air  which  held  the 
former  in  suspension  would  cause  the  latter  to  rise.  On  the  other 
hand,  the  sustaining  force  due  to  the  velocity  of  the  air  would  be 
much  greater  in  the  case  of  the  quartz  than  the  galena,  so  that  a  blast 
of  air  which  would  hold  the  former  in  suspension  might  allow  the 
latter  to  fall.  What  the  actual  result  would  be,  can  only  be  deter- 
mined by  a  consideration  of  all  the  conditions  together,  and  will 
appear  from  the  following  investigation. 

In  Rittinger's  treatise  on  Ore  Dressing,  the  following  formulae  are 
deduced  for  spherical  solids  in  a  rising  stream  of  water.  They  are 
equally  true  for  any  other  fluid,  if  we  make  the  proper  change  in  A 
and  B  for  difference  of  density  : 


A^C  —  1 


{\)V 


{  £2Bt  ] 

+  AC 


2l3!l 

-'  J 


L         -'  J 


AC-fl  1  (AC  +  l)e2^^_(AC  — 1) 

(2)S=  1 1«S ^ 

A  AB  2 

In  (2)  the  logarithm   is   the  Napierian;  C  is  the  velocity  of  the 
ascending  current  of  fluid,  v  the  velocity  of  the  sphere  at  the  end  of 
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t  seconds,  s  the  distance  upwards  passed  over  by  the  spliere  in  t 
seconds. 

In  these  values  of  A  and  B,  a  =  25.5,  a  constant  determined  by 
theory,  and  verified  by  experiment,  being  the  force  in  kilograms 
exerted  on  a  surflice  one  meter  square  by  water  flowing  directly 
against  it  with  the  velocity  of  one  meter  per  second  ;  A  is  the  den- 
sity of  the  fluid,  8  the  density  of  the  sphere,  y  is  1000,  the  weight  in 
kilograms  of  one  cubic  meter  of  water ;  g  is  the  acceleration  due  to 
gravity,  or  9.809  meters;  d  is  the  diameter  of  the  sphere  in  meters, 
and  £  is  the  Napierian  base,  or  2.71828.  The  reproduction  of  these 
formulae  is  somewhat  lengthy,  though  not  difficult,  and  will,  there- 
fore, not  be  given  here.  The  reader  who  wishes  to  satisfy  himself  as 
to  their  correctness  is  referred  to  the  above-mentioned  work.  From 
them  simpler  formula?  for  special  cases  will  be  deduced.  The  con- 
traction log.  indicates  the  Napierian  logarithm. 
If  in  (1)  C  =  0,  or  the  fluid  is  at  rest,  we  obtain 


(3)    i,  =  - 


1     S^^'-l 


Ag2B.+   l 

and  if  1   is  very  small  compared  with  £-^^\  we  obtain  from  this 

(4)  y  =  _-L 
If  in  (1)  1   may  be  neglected  in  comparison  with  e"^',  we  obtain 
(5)   t;  =  C  -  1  . 

If  in  (1)  u  r=  0,  or  the  sphere  is  held  in  suspension  in  the  fluid,  we 
have 

(6)0=1. 

If  C  is  greater  than  — ,  v  is  positive,  and  the  sphere  rises.     If  C  is 

less  than  -~,  v  is  negative,  and  the  sphere  falls.     If  in  (2)  C  =  0, 
we  obtain 

1  f^'+e-s' 


(7)    «=-Tnl'>5 


AB     ^  2 

If  we  solve  this  for  t,  Ave  get 

(8)^=—^ ^ ^' 

TOL.  VI. — 27 
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If  in  (8)  1  may  be  neglected  in  comparison  with  e — "*^^  ,  which  is 
generally  the  case  in  practice,  s  being  negative  when  C  =  0,  we 

obtain 

log  2 
l3~ 


(9)^  = ^n^ *^^- 


If  in  (2)  we  neglect  AC  —  1,  which  is  generally  small  compared 
with  (AC  +  1)  e'^\  and  solve  for  t,  we  get 
log.   {AW|_^,^^B 

(1«)^= B(AC-l) 

and  if  in  (10)  C  =  0,  it  reduces  to  (9),    By  approximations  (2)  may 
be  reduced  to 


(uu  =  {e-l\. 


or,  for  those  cases  where  the  velocity  of  the  sphere  may  be  regarded 
as  constant,  we  may  write  s  =  vt,  and  take  the  value  of  v  from  (5), 
thus  obtaining  (11). 

For  small  spheres  falling  or  rising  in  water,  all  the  approximate 
formulse  are  accurate  enough,  but  not  always  so  when  the  fluid  is 
air,  and  they  must  be  used  with  caution.  In  the  consideration  of 
particular  cases,  we  shall  see  to  what  extent  the  approximate  for- 
raulje  are  trustworthy.  For  the  sake  of  clearness  and  brevity,  the 
discussion  is  put  in  the  form  of  problem  and  answer,  all  the  wox'k 
of  computation  being  omitted.  In  the  following  cases  the  densities 
of  water,  air,  quartz,  and  galena  are  taken  as  1,  0.00125,  2.6,  and 
7.5  respectively. 

I.  What  must  be  the  velocity  of  an  ascending  current  of  air  to 
keep  in  suspension  a  quartz  ball  h  inch  in  diameter?  From  (6)  we 
find  C  =  86.2  feet  per  second. 

II.  What  will  be  the  action  of  a  galena  ball  |  inch  in  diameter  in 
an  ascending  current  of  air  having  a  velocity  of  86.2  feet  per  second  ? 

For  the  galena  ball  the  value  of  ^  is  73.21 ;  hence  C  is  greater  than  - 
and  the  galena  will  rise  with   an  increasing  velocity,  the   limit  of 
which  is  C  —  -r  or  13  feet  per  second. 

III.  In  what  time  will  a  ball  of  galena  ^  inch  in  diameter  fall  8 
feet  in  water  at  rest?  From  (11)  we  get  t  =  3.32,  and  from  the 
more  exact  formula  (9)  t  =  3.38.  As  in  this  case  —  2  s  A"  B  =  768, 
M'e  see  that  1  may  be  omitted  under  the  radical  sign  in  (8),  and  (9) 
may  be  used  without  appreciable  error.     By  applying  (9)  to  the  case 
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of  a  quartz  ball  J  inch  in  diameter  falling  with  the  galena,  we  find 
t  =  3,43,  a  difference  of  0.05  second.  A  part  of  this  difference  is 
due  to  the  fact  that  tiie  two  balls  are  not  exactly  equal-falling  theo- 
retically, the  ratio  of  the  diameters  of  equal-falling  spheres  of  quartz 
and  galena  being  4.0625  : 1,  and  not  4  :  1  as  assumed.  If  we  substitute 
the  ratio  4.0625  :  1,  we  get  t  =  3.40  instead  of  3.43,  The  rest  of  the 
slight  difference  is  easily  accounted  for  by  explaining  the  meaning  of 
equal-falling  bodies.  Two  equal-falling  bodies  are  not  necessarily  two 
bodies  which  fall  from  rest  through  the  same  distance  in  the  same 
time;  but  they  are  two  bodies  such  that  the  limit  of  the  velocity 
which  they  acquire  by  falling  from  rest  in  any  fluid  is  the  same  for 
both.     This  limit  of  velocity  is  found  by  making  t  infinite  in  (1), 

and  is  C —  t  oi'  —  a  ^^  ^  ^^  ^*  '^^  illustrate  this  point  with  another 
example,  it  may  be  asked  : 

IV.  What  will  be  the  velocity  of  an  ascending  current  of  water  to 
keep  in  suspension  a  |  inch  galena  ball,  and  what  will  be  the  action 
of  a  J  inch  quartz  ball  in  this  stream  of  water?  From  (6)  we  find  that 
the  velocity  is  2.41  feet  per  second,  and  from  (5)  we  find  that  the 
quartz  ball  would  rise,  its  maximum  velocity  being  0.0187  foot  per 
second.  Pra(!tically,  of  course,  they  would  remain  together.  If  we 
reverse  the  problem,  asking  the  velocity  necessary  to  keep  the  quartz 
ball  in  suspension,  we  find  2.39  feet  per  second,  and  that  the  galena 
will  fall  with  a  maximum  velocity  of  0.0187  foot  per  second. 

V.  What  will  be  the  velocity  of  an  ascending  current  of  air  to 
keep  a  \  inch  galena  ball  in  suspension,  and  what  will  be  the  action 
of  a  J  inch  quartz  ball  in  this  current?  By  (6)  we  get  as  before 
73.21  feet,  and  if  we  substitute  this  value  in  the  exact  formula  (1) 
with  the  proper  value  of  A,  we  find  : 


When  t  =  1 

V  =  —    3.83. 

W^hen  t  =  1 

v  =  —    6.57. 

W^hen  t  =  2 

i;  =:  —    9.82 

When  t  =  4 

V  =  —  12.28, 

The  limit  which  r  continually  approaches,  and  praetieally  reaches 
after  a  few  seconds,  is  —  12.98.  This  illustrates  how  soon,  even  in 
air,  the  velocity  of  small  spheres  becomes  practically  constant. 

VI.  What  will  be  the  diameter  of  a  galena  ball  which  will  be 
held  in  suspension  by  an  ascending  current  of  air  which  will  sustain 
a  quartz  ball  ^  inch  in  diameter,  that  is,  having  a  velocity  of  86.2 
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feet  per  second  ?  Solving  (6)  for  d,  which  is  contained  in  A,  we  get 
c?  =  1.386  eighths  of  an  inch. 

VII.  What  is  the  diameter  of  a  galena  ball  which,  in  an  ascend- 
ing current  of  air  which  keeps  a  quartz  ball  J  inch  in  diameter  in 
suspension,  will  fall  with  the  same  velocity  as  in  water  at  rest?  If 
we  assume  that  the  velocity  has  become  practically  constant,  we 
may  employ  (5)  to  solve  the  problem.     For  the  galena  falling  in 

water  at  rest  we  have  v  =  —  -,  which  may  be  written r ,   the 

A  Ay, 

subscript  lo  denoting  that  A  is  taken  with  reference  to  water.  In 
the  same   way  we  shall  have  Aa  for  A  taken  with  reference  to  air. 

Hence  (5)  will  become  —  -  =  C  —  ^  or  —  — -r-  =  C.       Solving 

this  for  d,  which  is  contained  in  A^  and  Aj,,,  we  get  d  =  1.48 
eighths  of  an  inch. 

VIII.  What  is  the  diameter  of  a  galena  ball  which,  in  an  ascend- 
ing current  of  air  which  keeps  a  J  inch  quartz  ball  in  suspension, 
will  fill  from  rest  through  8  feet  in  the  same  time  it  would  fall 
8  feet  in  water  at  rest?  Formula  (2)  is  the  one  to  apply  to  this 
question,  A  and  B  being  functions  of  the  required  diameter,  and 
s,  C,  and  t,  being  given  :  s  =  8  feet,  C  =  86.2  feet,  t  =  3.38  sec- 
onds. In  this  case  AC  —  1  may  be  neglected,  and  we  may  employ 
(10).  Though  we  cannot  solve  this  last  question  directly  for  d,  we 
may  find  the  vj^lue  of  d  by  approximations,  starting  with  the  value 
obtained  in  the  preceding  question. 

Solving  for  s,  we  have 

r  1   K       1  f  AC  X  1 

(^2)     S=|C-^   |^--A-B^°S    i    '"^~" 

In  this  the  value  d,  1.52  eighths  of  an  inch,  gives  s  ^7.996,  instead 
of  8  feet  as  given  in  the  data.  This  answer,  1.52  eighths  inch,  is 
practically  the  same  as  that  found  in  the  preceding  question,  1.48 
eighths  inch.  The  difference  between  the  two  questions  should  be 
noticed,  and  the  reason  why  d  should  have  a  little  larger  value  in 
the  latter  will  be  understood  upon  a  moment's  reflection. 

IX.  What  will  be  the  velocity  of  an  ascending  current  of  air  in 
order  that  in  it  a  |  inch  galena  ball  shall  fall  8  feet  in  the  same 
time  as  in  wa,ter  a,t  rest?  Taking  formula  (12)  and  substituting  the 
known  values  of  A,  B,  /,  and  s,  we  find  C  ==  69.62  feet. 

X.  In  what  time  will  a  |  inch  quartz  ball  fall  8  feet  in  an  ascend- 
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ing  current  of  air,  liaving  a  velocity  of  69.62  feet  per  second  ?    From 
(JO)  we  obtain  t  =  0.9209,  or  nearly  one  second. 

XI.  Compare  the  velocities  of  spheres  of  galena  and  quartz  fall- 
ing in  an  ascending  current  of  air  having  the  velocity  of  20  meters 
per  second,  the  spheres  being  equal-falling  in  water,  the  galena  hav- 
ing a  diameter  of  4  mm.,  and  the  quartz  16^  mm.  From  (1)  we 
find : 

For  t  =  \     V  =  —  2.606  m.  for  galena,  v  =  —  4.263  m.  for  quartz. 
For  ^=2     r  =  — 3.901m.         "  y  =  — 6.761  m.        " 

For  t  =  4:     r  =  —  4.801  m.        "  v  =  —  8.899  m.        " 

The  limit  of  the  velocity  of  the  galena  is  —  5.045,  and  for  the 
quartz  —  9.714. 

To  sum  up  the  results  tiius  for,  we  see  that  the  velocity  of  an 
ascending  current  of  air  to  keep  a  J  inch  quartz  ball  in  suspension 
is  86.2  feet  per  second,  and  that  in  this  current  a  ^  inch  galena  ball 
will  rise  with  an  increasing  velocity  which  never  exceeds  13  feet  per 
second.  We  also  find  that  the  galena  would  fall  8  feet  in  still  water 
in  3.38  seconds,  and  that,  practically,  the  quartz  ball  would  fall  in 
the  same  time,  being  only  0.05  of  a  second  behind.  We  see  that 
practically  the  quartz  and  galena  are  equal-falling,  that  they  remain 
together  in  a  column  of  water,  whether  at  rest  or  in  motion.  From 
XI,  Ave  see  that  the  two  balls  of  quartz  and  galena,  which  are  theo- 
retically equal-falling  in  water,  may  be  separated  by  a  stream  of  air, 
the  falling  velocity  of  the  quartz  being  nearly  twice  as  great  as  that 
of  the  galena.  We  also  see  that  the  velocity  of  an  ascending  current 
of  air  which  will  keep  a  |  inch  galena  ball  in  suspension  is  about  13 
feet  less  per  second  than  is  required  to  keep  a  |  inch  quartz  ball  in 
suspension  ;  that  in  this  current  the  quartz  ball  would  fall  with  a 
rapidly  increasing  velocity,  and  that,  practically,  this  velocity  be- 
comes constant  after  a  few  seconds,  and  is  then  about  13  feet  per 
second,  being  the  same  velocity  that  the  rising  galena  ball  would 
attain  in  a  stream  of  air  which  would  sustain  the  qu^irtz.  We  also 
see  how  very  little  the  diameter  of  the  galena  would  liave  to  vary  in 
order  to  have  entirely  different  action  in  the  current  which  sustains 
the  quartz.  If  the  diameter  is  ^  inch,  it  rises;  if  the  diameter  is 
1.39  eighths,  it  remains  in  suspension  ;  and  if  the  diameter  is  1.52 
eighths,  it  will  fall  as  in  still  water.  This  illustrates  how  delicate  a 
medium  for  separation  air  is  compared  with  water.  If  the  three 
galena  balls  M'ere  placed  with  the  |  inch  quartz  ball  in  an  ascending 
stream  of  water  which  would   hold  the  quartz  in  suspension,  they 
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would  separate  very  slowly,  the  heaviest  galena  ball  having  a  maxi- 
mum falling  velocity  of  about  8  inches  per  second.  But  this  sensi- 
tiveness of  a  stream  of  air  is  not  necessarily  an  advantage,  for  it 
requires  a  correspondingly  exact  uniformity  in  the  blast  of  air  and 
in  the  material  to  be  worked,  which  is  not  attainable  in  practice. 
From  IX  and  X,  we  see  that  the  blast  of  air  necessary  to  cause  the 
I  galena  ball  to  be  retarded  to  the  same  extent  that  it  would  be  in 
water  at  rest,  or,  more  exactly,  to  fall  8  feet  in  the  same  time  as  in 
water  at  rest,  is  69.62  feet  per  second,  and  that  in  this  stream  the  J 
inch  quartz  would  fall  8  feet  in  about  1  second.  It  did  not  fall  in 
the  experiment  as  performed,  because  the  condition  under  which  the 
experiment  was  tacitly  supposed  to  have  been  performed,  the  condi- 
tion upon  which  every  discussion  on  the  laws  of  bodies  falling  in 
fluids  is  based,  was  violated.  This  condition  was  that  the  air  should 
be  perfectly  free  to  move,  that  the  tension  of  the  air  below  the  ball 
should  be  the  same  as  above  it.  In  the  case  of  the  galena  ball  this 
condition  was  practically  complied  with,  the  section  of  the  ball  being 
only  o^p  that  of  the  tube,  but  in  the  case  of  the  quartz  ball  its  sec- 
tion was  y'g  of  the  section  of  the  tube.  The  quartz  when  held  in 
suspension  had  the  same  effect  in  offering  resistance  to  the  passage 
of  the  air  that  it  would  have  had  if  firmly  fixed  in  the  middle  of  the 
tube.  It  was  held  up  against  the  force  of  gravity  not  only  by  the 
buoyancy  of  the  air  and  by  the  force  due  to  the  velocity  of  the  air, 
but  also  by  the  excess  of  tension  below  it.  It  was  sustained  in  part 
by  the  same  kind  of  force  that  impels  a  package  through  a  pneu- 
matic tube,  or  forces  the  cork  out  of  a  pop-gun.  If  the  diameter  of 
the  tube  had  been  one  inch  instead  of  two,  the  velocity  of  the  air 
necessary  to  sustain  the  quartz  would  have  been  much  less  than 
69.62  feet,  the  section  of  the  tube  being  only  4  times  that  of  the 
sphere.  That  all  the  diflference  between  the  theoretical  results  and 
the  result  of  the  experiment  as  performed  was  due  to  this  one  cause 
cannot  be  asserted ;  there  may  have  been  some  inaccuracy  in  meas- 
uring the  small  galena  ball,  and  we  have  seen  what  a  change  in 
action  a  difference  in  a  diameter  of  ^\  inch  makes.  The  balls  may 
have  been  rough  or  not  of  spherical  shape;  indeed,  from  the  brittle, 
crumbling  nature  of  galena  it  must  be  quite  impossible  to  make  a 
small  smootli  sphere  out  of  it. 

But  supposing  that  the  theoretical  results  may  all  be  verified  by 
properly  conducted  experiments,  the  point  which  Mr.  Krom  made, 
namely,  that,  though  the  two  balls  could  not  be  separated  by  water, 
they  could  be  separated  by  air,  remains  the  same,  and  it  makes  very 


THE    ACTION    OF    SISIALL   SPHERES    OF   SOLIDS,    ETC.  423 

little  difference  whether  tlie  galena  goes  up  or  down,  if  it  only  leaves 
the  sus])ended  quartz  ball.  After  describing  the  experiment,  he 
says:  "Thus  demonstrating  that,  instead  of  less  margin,  we  have  in 
air  a  much  greater  margin  for  separating  ores  than  in  water.  Be- 
fore making  these  experiments  I  expected  to  find  a  margin  for  sepa- 
rating ores,  in  favor  of  air,  but  did  not  anticii)ate  it  would  prove  so 
great.  But  the  experiment  proved  that  1-8  globule  of  galena,  and  4-8 
of  quartz,  which  are  equal-falling  in  still  or  moving  water,  can  be 
separated  by  air.  The  results  correspond  exactly  with  the  results 
obtained  in  practice,  viz.,  that  with  less  sizing  better  results  can  be 
obtained  with  air  than  can  possibly  be  reached  with  water,"  The 
expression  "greater  margin"  might  be  misleading.  It  is  often 
applied  in  speaking  of  difference  in  cost  and  selling  price,  to  profits, 
where  a  large  margin  is  desirable ;  it  is  a  pleasing  term,  but  the  only 
meaning  it  can  have  in  the  case  under  consideration  is,  that  the  ratio 
between  the  sizes  of  quartz  and  galena,  which  air  will  separate,  and 
water  will  not,  is  greater  than  the  ratio  between  the  two  sizes,  that 
water  will  separate  and  air  will  not.  This  is  true,  and  if  all  the 
pieces  of  ore  in  a  crushed  heap  were  of  two  sizes  only,  and  the  quartz 
pieces  were  four  times  as  large  as  the  galena,  air  would  be  a  better 
medium  than  water.  But  this  is  not  the  case  in  practice,  and  if  it 
were,  a  screen  Mould  be  the  simplest  separator.  If  the  pieces  of 
quartz  were  2.88  eighths,  and  the  galena  ^  inch  in  diameter,  air 
would  not  separate  them,  but  water  would  ;  hence  water,  though 
offering  less  "  margin,"  is  in  this  case  a  better  separator  than  air. 
Tliat  medium  is  the  best  for  the  separation  of  two  substances  for 
which  the  ratio  of  the  diameters  of  equal-falling  spheres  is  greatest, 
or,  in  other  words,  that  medium  is  best  which  will  separate  most 
readily  sj)heres  of  the  two  substances  nearest  in  size.  Hence  a  fluid 
whose  specific  gravity  lies  between  those  of  the  substances  is  the 
best,  and  of  two  fluids,  both  lighter  than  the  substances,  that  is 
better  which  is  denser.  As  regards  sizing,  the  lighter  fluid  requires 
a  more  careful  sizing,  the  number  of  sizes  required  for  the  different 
fluids  being  inversely  proportional  to  the  ratios  of  equal-falling 
diameters.  .  With  any  fluid  the  excellence  of  separation  increases 
with  the  number  of  sizes,  and  the  Germans  have  found  by  experi- 
ence that  it  is  advantageous  to  make  ten  sizes  between  18  mm.  and 
1  ram.  The  excellence  of  their  work  in  concentration  is  remarkable, 
nearly  all  the  loss  being  in  the  loss  of  the  minute  particles  of  ore 
which  are  carried  away  with  the  slimes  of  the  gangue.     Their  system 
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seems  perfect  in  other  respects,  and  now  the  problem  is,  to  devise 
some  way  of  saving  these  fine  particles,  which  remain  for  a  long 
time  in  suspension  even  in  water  at  rest.  In  dry  concentration  the 
loss  in  this  form  is  avoided  :  the  ore  dust  is  removed  with  the  gangue 
dust,  and  both  are  saved — "saved  for  subsequent  treatment"  is  the 
last  operation  it  goes  through  generally.  Now  it  is  proposed,  how- 
ever, by  the  manager  of  one  system  o^dry  concentration,  to  treat  this 
dust  in  the  wet  way,  thus  employing  water  only  in  that  part  of  the 
operation  where  it  is  most  wasteful.  If  there  is  any  place  in  which 
air  can  be  economically  used,  it  is  in  the  treatment  of  the  finest  sizes, 
from  4  mm.  to  ^  mm.,  or  as  fine  as  can  be  well  sized.  From  the 
great  velocity  of  air  necessary  to  raise  or  hold  in  suspension  a  quartz 
ball  of  from  12  mm.  to  16  mm,  diameter,  it  would  seem  quite  im- 
possible to  treat  such  sizes  economically  by  means  of  air. 

To  give  an  opportunity  of  testing  the  theoretical  results  as  described 
by  means  of  the  preceding  formulae,  the  following  table  has  been  cal- 
culated. Since  perfect  spheres  of  quartz  and  galena  are  difficult  to 
make,  four  other  substances  have  been  taken — ivory,  glass,  zinc,  and 
lead,  from  which,  by  turning  or  molding,  very  perfect  and  smooth 
spheres  may  be  made.  The  first  vertical  column  contains  the  name 
of  the  substance,  the  second,  their  S})ecific  gravities,  the  third,  their 
diameters  in  millimeters,  the  fourth,  their  weight  in  grams,  intro- 
duced as  a  check.  If  the  balls  do  not  weigh  as  here  given,  either 
they  have  not  been  made  of  the  right  size  or  the  specific  gravity  is 
different  from  that  assumed  here.  As  the  specific  gravity  of  these 
substances  is  quite  uniform  and  well  established,  any  great  variation 
in  weight  would  probably  be  due  to  error  in  size  or  shape.  The 
fifth  and  sixth  columns  contain  the  suspension  velocities  for  water 
and  air  respectively,  in  meters — by  suspension  velocity  being  under- 
stood the  velocity  of  a  vertically  ascending  stream  of  the  fluid  ne- 
cessary to  keep  the  given  sphere  in  suspension.  The  seventh,  eighth, 
and  ninth  columns  contain  the  times,  in  seconds,  of  falling  from  rest 
in  water  at  rest  through  3,  5,  and  10  meters  respectively.  These 
values  were  calculated  from  (9).  Since  s  is  negative  for  all  cases, 
we  may  as  well  regard  downward  direction  positive,  and  write  the 
formula 

0.69315. 
(13)^  =  SA+  ^- 
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Substance. 

u 

S.'Z'o 
P.2   E 

S  3 

Suspension 
velocity  in  meters. 

Value  oH  for  \\:\ 
C  =  0  and  s 

er  when 

Water. 

Air. 

8.84 
10.58 
16.99 
21.79 

3ni. 

5  ni. 

10  ni. 

Ivory 

Glass 

Zinc 

1.87 

2.fi.T 

6.90 
11.3.i 

2 
2 
2 
2 

0.0078 
0.0111 

0.0289 
0,0475 

0213 
0.294 
0  555 
0.736 

14.10 
10.25 
5.45 
4.14 

2-5.48 
17  06 
9.115 
6.85 

46  92 
34.08 
18  05 
13  65 

33.20 

24.12 

12..S3 

9.69 

Lead 

Ivory 

Glass 

Zinc 

1.87 
2.fi.i 
6.90 

11. as 

4 
4 
4 
4 

0  0627 
0.0888 
0  2812 
0.3803 

0.302 
0.415 
0.786 
1.040 

12..50 
14  89 
24.02 
30.81 

9  99 
7.27 
3  88 
2.97 

10.62 
12.08 
6.43 
4  89 

Lead 

Ivory 

Glass  

1.87 
2.6.5 
6.90 
11.3.5 

1.S7 
2.05 
6.90 
11.35 

8 
8 
8 
8 

12 
12 
12 
12 

0..5013 
0.7104 
1.8500 
3.0430 

1.6920 
2.3980 
6-2430 
10.2700 

0  427 
0.587 
1.111 
1.471 

0.522 
0-720 
1.361 
1802 

17.68 
21.05 
33.97 
43.58 

7.10 
5.17 
2.80 
2.15 

11.79 
8.58 
4.60 
3.51 

23  51 
17.09 
9.10 
0  91- 

Zinc 

Lead 

Ivory 

Glass 

Zinc 

Lead 

21.46 
25.78 
41.61 
53.37 

5.82 
4.25 
2.-32 
1.81 

9.65 
7.03 
3.79 
2.92 

19  22 

13.98 

7.46 

5  69 

16.67 
12.13 
6..50 
4.97 

1.87 
2.6.5 
6.90 
11.3.5 

16 
16 
16 
16 

4.0110 
5  6830 
14.8000 
24.3400 

0  603 
0.831 
1..571 
2.081 

25.00 
29.77 
48  05 
61.56 

5.07 
3.71 
204 
1.60 

8  38 
6.11 
3.31 
2.56 

Glass 

Zinc 

Lead 

For  all  the  cases  assumed  in  the  preceding  table  formula  (13)  is 
more  than  sufficiently  accurate,  but  it  would  lead  to  wrong  results 
if  applied  to  bodies  falling  in  air.  In  the  exact  formula  (8),  the 
value  of — 2sAB  varies,  in  the  case  of  air,  from  2.5  for  ivory  2  ram. 
in  diameter  falling  10  meters  to  0.0155  for  lead  16  mm.  falling  3 
meters;  hence  —  1  cannot  be  neglected  in  comparison  with  s  -^^^. 
But  for  water  — 2sAB  varies  in  the  same  limits  from  2006.5  to  12.4  ; 
hence  — 1  may  be  neglected,  and  (9),  deduced  on  this  supposition, 
may  be  employed.  As  far  as  experimental  verification  is  concerned, 
the  formula  ^  =  sA  is  sufficiently  accurate  for  water,  the  value  of  the 
remaining  term  of  (13)  varying  in  the  assumed  cases  between  0.032 
for  ivory  2  mm.,  and  0.161  for  lead  16  mm.  When  C  is  not  equal 
to  0,  me  may  employ  (10)  to  find  the  falling  time,  provided  AC  —  1 
may  be  neglected  in  comparison  with  (AC  +  1)£  ;  that  is,  when 
AC  —  1  is  nearly  equal  to  0,  or  C  =  —  nearly  ;  that  is,  when  the  velo- 
city of  the  current  is  somewhere  near  the  suspension  velocity.  AC  — 
1  may  also  be  neglected,  though  not  very  small,  if  (AC  +  1)  e"  is 
large,  or  if  B  is  large; "or,  as  B  is  inversely  pro])ortioned  to  the 
square  root  of  c?,  when  the  sphere  is  very  small.  Helatively  to  the 
density  of  the  sphere,  B  is  a  maximum,  in  the  case  of  water,  when 
the  density  is  2.  If  the  density  of  the  sphere  is  less  than  that  of  the 
fluid,  A  and  B  are  imaginary.  The  fundamental  formulae  (1)  and 
(2)  were  deduced  on  the  supposition  that  the  density  of  the  sphere 
was  greater  than  that  of  the  fluid,  and  they  would  assume  an  entirely 
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different  form,  and  the  discussion  would  be  quite  different  under  the 
suj)position  tlint  the  density  of  tlie  spliere  is  less  than  that  of  the  fluid. 

From  the  table  we  see  that  a  blast  of  air  which  will  keep  in  sus- 
pension a  2  mm.  lead  ball  wHll  sustain  a  glass  ball  8  mm.  in  diameter, 
or  an  ivory  ball  12  mni.  in  diameter.  The  suspension  velocity  for 
the  lead  being  21.79  m.,  and  for  the  other  two  21.05  m.,  and  21.46 
m.,  the  ivory  and  glass  would  rise,  theoretically,  with  a  slight  velo- 
city;  but  as  perfect  accuracy  cannot  be  attained  in  the  conditions, 
the  results  of  well  conducted  experiments  might  vary  somewhat  from 
the  theoretical.  From  the  table  we  also  find  that  an  ascending  cur- 
rent of  water  which  will  support  a  2  mm.  ball  of  lead  will  sustain  a 
12  mm.  glass  ball,  the  glass  rising  slowly,  perhaps.  Similar  experi- 
ments may  be  made  in  water  with  ivory  16  mm.,  and  glass  8  mm., 
with  ivory  12  mm.  and  zinc  2  mm.,  with  lead  4  mm.  and  zinc  8  mm. 
In  water  at  rest,  ivory  16  mm.  and  glass  8  mm.,  will  fall  3  meters 
in  about  5.1  seconds;  glass  16  mm.  and  zinc  4  mm.,  will  fall  10 
meters  in  nearly  the  same  time,  between  12  and  13  seconds,  the 
glass  reaching  the  bottom  about  f  second  sooner.  Similarly  a  large 
number  of  experiments  may  be  made  up  from  the  table  to  test  the 
theoretical  results.  Experiments  with  very  small  and  light  balls, 
such  as  2  mm.  ivory  or  glass,  would  })robably  not  coincide  very 
closely  with  theory,  on  account  of  unavoidable  inaccuracy  of  measure- 
ment or  the  adhesion  of  air  bubbles. 

The  following  may  also  serve  for  experimental  tests  : 

XII.  In  an  ascending  current  of  air  which  will  keep  an  8  mm. 
ivory  ball  in  suspension,  how  long  will  it  take  a  4  mm.  zinc  ball  to 
fall  3  m.?     From  (1 0)  we  find  t  =  1.787. 

XIII.  In  a  stream  of  air  which  w'ill  keep  a  12  mm.  glass  ball  in 
suspension,  how  long  will  it  take  a  4  mm.  lead  ball  to  fall  from  rest 
3  m.  and  5  m.?  From  (10)  we  find  for  3  m.  t  =  2.235,  and  for  5  m. 
t=  2.633.  From  these  two  answers  we  see  how  nearly  the  lead  ball 
has  attained  the  limit  of  its  velocity.  The  limit  is  30.813  —  25.783, 
or  5.03.  It  passes  over  the  last  two  meters  in  2.633  —  2.235  seconds, 
or  in  0.398  of  a  second,  which  is  at  the  rate  of  5.003  meters  per 
second.  Therefore,  we  may  assume  the  velocity  constant,  and  say, 
for  instance,  that  it  would  fall  through  10  meters  in  2.63-)-  1  =  3.63 
seconds. 

XIV.  In  a  stream  of  air  which  will  support  a  12  mm.  ivory  ball, 
how  long  will  it  take  a  12  mm.  glass  ball  to  fall  from  rest  through 
3  m.,  5  m.,  and  10  m.  ?  From  the  same  formula  (10)  we  find  t=  2.064, 
2.524,  and  3.674. 
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XY.  How  long  will  it  take  a  16  mm.  ivory  ball  to  foil  from  rest 
in  air,  at  rest,  through  30  m.,  40  m.,  and  50  m.?  From  (8),  t  =  2.671 , 
3.162,  3.623.  In  a  vacuum  these  values  would  be  2.473,  2.856, 
and  3.193. 

XVI.  How  long  will  it  take  a  4  mm.  ivory  ball  to  fall  from  rest 
in  air,  at  rest,  through  30  m.,  40  ra.,  and  50  m.  ?  From  (8),  t  =  3.280, 
4.081,  4.882.  In  a  vacuum  these  values  would  be  2.473,  2.856, 
3.193. 
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BY   CHARLES  A.   COLTON,   E.   M.,  NEW  YORK   CITY. 

(Read  at  the  Anienia  Meeting,  October,  1877.) 

The  results  of  a  series  of  analyses  extending  over  a  period  of 
three  weeks  at  the  Cedar  Point  Iron  Company's  furnace.  Port  Henry, 
New  York,  are  given  in  Tables  I  and  II.  This  furnace  uses  a  very 
pure  magnetite  and  Lehigh  and  Lackawanna  antiiracite.  The  flue 
leading  the  gas  from  the  "  down-comer"  to  the  boilers  was  tapped 
by  a  I  inch  gas  pipe,  which  carried  the  gas  to  the  Or.sat  apparatus. 
The  pressure  of  the  gas  not  always  being  sufficient,  owing  to  the 
small  amount  made,  to  force  it  into  the  apparatus,  I  omitted  taking 
.samples  several  days,  and  with  the  exception  of  the  last  three  days 
of  the  campaign,  made  the  analyses  whenever  opportunity  offered.  I 
find  the  Orsat  apparatus,  as  described  by  Prof.  Egleston,*  to  work 
very  well,  with  one  exception.  The  CO  is  not  absorbed  as  readily 
in  the  ammonia-copper  solution  as  he  states  in  his  descri})tion  of  the 
apparatus,  as  many  as  50,  and  sometimes  60,  passes  being  necessary 
to  absorb  all  the  CO. 

The  power  of  absorbing  rapidly  increases  as  the  solution  is  used, 
and  this  would  indicate  that  the  more  oxygen  it  contains  the  quicker 
will  it  do  the  work.  Probably  the  addition  of  a  small  amount  of 
some  oxidizing  agent  would  remedy  this. 

When  the  furnace  was  working  in  its  normal  condition,  I  had  no 
occasion  for  using  the  filter,  the  amount  of  fume  being  so  small  as 
not  to  cau.se  any  inconvenience.  The  gas  burned  with  the  flame 
peculiar  to  CO,  and  contained  just  enough  solid  particles  to  give  it  a 
slight  reddish  tinge. 

*  See  Trtmsactions,  II,  226  ;  V,  487,  62L 
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TABLE    I. 


Total 

1877. 

Amount  absorbed 

in  each  five  passes. 

nunibir 

CO, 

M. 

passes 

August   C, 

7.0 

5.0 

4.0 

3.0 

2.0 

2.0 

2.0 

1.0 

0.5 

0.5 

1.0 

55 

70 

.393 

"        7 

10.5 

6.5 

4.0 

2.5 

2.0 

1.0 

1.0 

0.5 

0.5 

0.5 

50 

7.0 

.379 

11.0 
10.0 

6.5 
6.0 

4.0 
4.0 

2.5 
3.0 

1.5 
2.0 

1.0 
1.0 

0.5 
0.5 

0.5 
05 

0.5 
0.5 

0.5 
0.5 

50 
50 

6.5 
7.0 

.359 
.393 

8 

8 

10.5 

6.5 

40 

2.5 

1.5 

1.0 

0.5 

0.5 

0.5 

0.5 

50 

75 

.421 

9 

12.0 

7.0 

4.0 

2.5 

1.5 

1.0 

0..=i 

0.5 

0.5 

0.5 

50 

7.0 

.367 

9 

"       10 

14  0 
11.5 

7.0 
70 

3.5 
3.5 

2.0 
2.5 

1.0 
2.0 

1.0 
1.0 

0.5 
1.0 

35 
45 

7.0 
6.5 

.379 
.346 

0.5 

0.5 

"       11 

12.0 

6.5 

40 

3.0 

1.5 

1.0 

0.5 

0.5 

0.5 

45 

7.0 

.373 

"       11 

1.3.5 

6.5 

3  5 

2.0 

1.0 

1.0 

0.5 

0.5 

40 

7.5 

.413 

"       13 

100 

G.5 

4.5 

3.5 

2.0 

1.5 

0.5 

0.5 

0.5 

0.5 

55 

7.0 

.360 

"       13 

13.0 

6.5 

4.0 

1.5 

15 

1  0 

0.5 

0.5 

40 

7.0 

.385 

"           l.T 

14.0 
145 

6.5 

7.0 

4.0 
40 

2.0 
2.0 

1.5 
10 

0.5 
1.0 

0.5 
0.5 

0.5 
0.5 

40 
45 

6  5 
6.5 

.346 
.329 

"     If) ,... 

■0.5 

"       20 

10.0 

6.5 

5.0 

3.0 

2.0 

1.5 

1.0 

1.0 

0.5 

0.5 

50 

7.5 

.380 

"      22 

14  0 

7.0 

40 

2.5 

15 

1.0 

1.0 

0.5 

40 

6.0 

.299 

"      22 

13.5 

7.0 

4.0 

2.5 

1.5 

1.0 

0.5 

0  5 

0.5 

45 

6.0 

.304 

"      24 

15  0 
15.5 

7.5 
7.0 

3.5 
3.5 

2.0 
2.0 

1.5 
0.5 

1.0 
0.5 

0.5 
0.5 

0.5 
0.5 

40 

40 

7.0 
7.0 

.349 
.366 

"       24 

CO  2 
On  August  8th  the  ratio  (M)  of  ^^=  0.421  was   the   highest  at 

any  time  during  this  period.  This  for  an  anthracite  furnace  smelt- 
ing magnetite  is  a  good  showing  for  the  u.seful  effect  of  the  fuel. 
The  general  average  for  this  period  was  0.313. 

The  furnace  having  been  in  blast  for  some  time,  so  that  the  lining 
was  badly  worn,  interruptions  causing  stoppage  occurred  from  time 
to  time,  causing  a  great  loss  in  the  useful  effect  of  fuel. 

As  will  be  seen  by  referring  to  the  table,  August  22d,  the  ratio 
went  down  as  low  as  0.299.  At  that  time  the  tapping  notch  was 
lost,  and  before  a  new  one  was  obtained  tappings  were  made  every 
hour  for  five  hours.  In  Table  II  the  results  of  the  analyses  are 
given  as  made  during  blowing  out. 

August  25th,  the  last  charge  of  ore  was  put  in  at  8.30  a.m.  At 
9  o'clock  the  first  charge  of  limestone  was  i^ut  on,  consisting 
of  two  gross  tons;  54  charges  of  limestone  were  added,  making  in 
all  108  gross  tons,  the  last  round  being  charged  at  5.30  a.m., 
August  2Gth. 

As  will  be  seen  from  the  table  two  analyses  were  made  every 
six  hours  during  the  three  days  and  a  half  required  for  blow- 
ing out. 

After  the  ore  was  taken  off  and  only  limestone  charged,  the  ratio 
increased  until  August  26th,  9.40  A.M.,  about  25  hours  -after  the 
last  charge  of  ore  was  put  in,  when  it  reached  its  maximum,  and 
from  that  time  the  temperature  began  to  rise,  thus  partially  decom- 
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posing  the  CO,  of  the  limestone  into  CO,  and  causing  the  ratio  to  de- 
crease, the  greatest  change  within  any  one  period  being  from  4.20  p.m., 
to  10.05  P.M.,  August  26th,  when  the  ratio  fell  from  0.3G0  to  0.161. 


TABLE    II. 


1877. 


Aug'st  25, 

"  25, 

"  25, 

"  25, 

"  25, 

"  25, 

"  26, 

"  26, 

"  26, 

"  26, 

"  26, 

"  26, 

"  26, 

"  26, 

"  27, 

'•  27, 

"  27 

"  h] 

"  27, 

"  27, 

"  27, 

"  27, 

"  28, 

"  28, 

"  28, 

"  28, 

"  28, 

"  28, 

"  28, 


10.20  a.m. 
10.40     " 

4.00  P.M. 

4.20  " 
10  05  " 
10  30     " 

5.00  a.m. 

5  25     " 

940  " 
10.00     " 

4.00  p.m. 

4.20  " 
10.05  " 
10.35     " 

4.00  a.m. 

4.20     " 

9.45  " 
10.05     " 

4.00  p.m. 

4.30     " 

9.40  " 
10.10     " 

4.2l)A.M. 

4.40     " 

9.80  " 
10.30     " 

2.00  p.m. 

2.30     " 

3.U0     " 


Amount  absorbed  in  each  five  passes. 


17.0 

5.5 

3.5 

2.0 

1.0 

18.0 

5.5 

3.0 

1.5 

1.0 

15  0 

7.0 

3.5 

2.0 

1.0 

160 

6.5 

3.5 

1.5 

1.0 

17.0 

6.5 

3.0 

1.5 

1.0 

16.5 

6.5 

3.5 

1.5 

0.5 

18.5 

6.5 

3.0 

1.5 

0.5 

18.0 

7.0 

2.5 

1.5 

1.0 

16.0 

7.0 

3.5 

15 

1.5 

17.0 

7.0 

3.0 

2.0 

1.0 

11.5 

65 

4.0 

2.5 

1.5 

18.0 

7.0 

4.0 

2.5 

15 

18.5 

8.0 

3.5 

2.0 

1.0 

18.0 

8.0 

3.5 

1.0 

1.0 

19.0 

6.5 

2.5 

1.5 

0.5 

19.0 

7.5 

3.5 

1.5 

1.0 

17.0 

6.5 

3.0 

2.0 

0.5 

18.5 

6.5 

4.0 

0.5 

2.0 

9.0 

7.5 

4.5 

3.0 

2.0 

12.5 

8.0 

4.5 

3.0 

2.0 

17  0 

8.0 

4.5 

2.0 

1.5 

16.75 

12.25 

2.0 

1.5 

0.5 

17  5 

8.0 

40 

2.0 

1.0 

17.5 

8.0 

4.0 

2.0 

1.0 

16.5 

8.0 

4.0 

2.5 

1.5 

14.5 

8.0 

4.5 

2.5 

1.0 

13.0 

7.5 

3.5 

2.5 

1.5 

13.5 

7.5 

3.5 

2  5 

1.0 

Total 
nuiul>er 

passes. 


Stopped  blowing. 


40 
35 
40 
30 
.35 
35 
40 
35 
35 
35 
50 
45 
35 
35 
35 
30 
30 
35 
55 
40 
40 
30 
35 
35 
35 
40 
35 
35 


CO, 


7.0 

7.0 

8.0 

8.5 

8.5 

8.5 

85 

8.5 

9.0 

9.0 

8.0 

7.0 

3.5 

3.5 

2.0 

1.0 

0.5 

0.5 

05 

05 

0.5 

0.25 

0.5 

0.5 


M. 


At  this  time  the  fume  became  so  dense  as  to  nearly  close  the 
capillary  tubes  in  the  apparatus,  and  it  was  necessary  to  filter 
the  gas. 

The  gas  burned  feebly,  and  instead  of  a  good  solid  flame,  it  was 
divided  into  a  number  of  tongues  of  flame,  which  burned  with  very 
little  heat,  so  that  that  the  hand  could  be  held  in  it  without 
inconvenience. 

At  2  A.M.,  August  27th,  the  gas  was  so  dirty  that  it  refused  to  burn 
and  it  became  necessary  to  start  the  fires  under  the  boilers  to  make 
steam.  At  4  p.m.,  August  27th,  the  gas  again  burned  with  consider- 
able heat,  and  at  9.40  p.m.  the  furnace  was  working  very  hot.  The 
analysis  taken  at  10.10  p.m.  shows  a  great  change  in  30  minutes. 
This  is  probably  owing  to  the  large  run  of  slag  made  just  before 
taking  the  sample. 

At  4.20  A.M.,  August  28th,  scarcely  any  change  was  noticed,  the 
analyses  showing  the  gas  to  iiave  nearly  the  same  composition  as 
the  night  before.  The  furnace  was  still  working  very  hot,  .so 
that  the  inlet  pipe  to  one  of  the  Whitwell  stoves  was  at  a  dull 
read  heat. 
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At  9.30  A.M.  I  failed  to  get  any  indication  of  CO2  and  it  became 
evident  that  the  furnace  had  hut  a  short  lease  of  life. 

The  last  analysis  was  made  at  2.30  p.m.  At  3  p.m.  a  tapping 
was  made,  and  from  the  small  amount  of  iron  which  flowed  out,  and 
from  the  analysis  of  the  gas,  it  was  evident  the  work  was  done. 

On  examining  the  interior  no  fuel  was  found  above  the  tuyeres,  noth- 
ing but  the  calcined  limestone,  which  extended  about  18  feet  above 
them.  As  I  had  no  pyrometer  at  hand,  I  was  unable  to  determine 
the  temperatures  of  the  escaping  gases  at  any  time. 

For  the  oj)portunity  afforded  me  for  making  these  analyses,  and 
other  work  connected  with  the  furnace,  I  am  indebted  to  Mr.  T.  F. 
Witherbee,  the  Superintendent  of  the  Cedar  Point  Iron  Company. 


CLASSIFICATION  OF  COALS. 

BY  PERSIFOR   FRAZER,   JR.,    PHILADELPHIA. 

(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

A  CLASSIFICATION  of  natural  objects  is  usually  based  cither  upon 
some  fundamental  and  permanent  attribute  of  the  thing  itself  (as  in 
the  case  of  scientific  classifications),  or  it  embraces  one  or  more  gen- 
eralizations convenient  for  use  in  ordinary  life.  Thus,  it  suffices  for 
the  statistician  to  know  that  so  many  tons  of  fish  are  annually  taken 
by  our  fishermen,  and  that  they  realize  so  many  thousands  of  dollars, 
whereas  to  the  student  of  natural  history  the  anatomy,  habits,  and 
relationships  of  the  animals  are  of  chief  interest,  as  settling  their  re- 
spective places  in  the  scale  of  animate  nature. 

Many  different  classifications  of  coals  have  been  attempted,  as  one 
would  naturally  anticipate  from  the  immense  extent  of  the  coal  trade, 
and  the  different  localities  wlience  the  supply  was  derived. 

The  English  divisions  were  prevalent  up  to  the  date  of  the  publi- 
cation of  the  last  geological  survey  of  the  State,  except  so  far  as  they 
Avere  modified  by  local  designations.  Indeed,  Rogers'  classifications 
made  very  little  alteration  in  the  Englisii  nomenclature,  as  may  be 
seen  by  comparing  the  tables  given  below. 

To  commence  witii  the  different  kinds  mentioned  in  Urc's  Diction- 
ary of  Arts,  Manufaciiires  and  3Iines  of  1845  : 

"  1.  Cubical  Coal. — Black,  shining,  com[)act,  moderately  hard  and 
easily  frangible.     Cojues  out  in  rectangular  masses,  of  which  the 
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smaller  portions  are  cubical.  The  '  reecV  or  lamelke  parallel  to  the 
bed-plane  on  which  the  coal  rests.  Of  cubical  coal  there  are  two  va- 
rieties— (a),  open  burning  ;  (6),  caking.  The  hitter  is  available  as  a 
fuel,  no  matter  liow  small  its  particles  may  be,  and  is  the  true  smith 
coal,  forming  a  vault  in  front  of  the  bellows.  («.)  The  open  burning 
coal  is  known  as  i^ough  or  clod  coal  from  the  large  masses  in  which 
it  is  taken  out,  and  cherry  coal  from  the  clieerful  blaze  with  wiiich 
they  spontaneously  burn;  whereas  the  caking  coals,  like  some  of 
those  from  Newcastle,  require  to  be  frequently  poked  in  the  grate. 

*'  2.  Slate  or  Splint  Coal. — Color,  dull  black,  very  compact,  much 
harder  and  less  frangible  than  the  last.  Readily  fissile,  like  slate, 
but  powerfully  resists  the  cross  fracture,  which  is  conchoidal.  Specific 
gravity,  1.26  to  1.40.  In  working  it  separates  into  large  quadrangular 
sharp-edged  masses.  It  burns  without  caking,  with  much  flame 
and  smoke,  unless  judiciously  supplied  with  air,  and  leaves  frequently 
a  considerable  bidk  of  white  ashes.  Good  coal  of  the  Glasgow  field 
Dr.  Ure  found  to  have  a  specific  gravity  of  1.2G6,  and  to  consist  of 
70.9  C;  4.3  H;  24.8  O. 

"3.  Cannel  Coal. — Color,  between  velvet  and  grayish  black;  lustre 
resinous ;  fracture,  even ;  fragments,  trapezoidal.  Hard  as  splint 
coal.  Specific  gravity,  1.23  to  1.28.  In  working  it  is  detached  in 
four-sided  columnar  masses.  Often  breaks  conchoidal,  like  pitch ; 
kindles  very  readily,  and  burns  witli  a  bright,  white,  projective  flame. 
Cannel  Coal  from  Woodhall,  near  Glasgow,  consists,  by  Dr.  Ure's 
analysis,  as  follows  :  Specific  gravity,  1.228,  C  72.22,  H  3.93,  O  21.05 
(with  a  little  nitrogen,  about  2.8  in  100  parts). 

"  4.  Glance  Coal. — '  Color,  iron-black,  with  an  occasional  irides- 
cence like  that  of  tempered  steel ;  lustre,  in  general,  splendent,  shin- 
ing, and  imperfect  metallic.  It  does  not  soil,  is  easily  frangible,  and 
has  flat  conchoidal  fracture,  and  sharp-edged  fragments.  It  burns 
without  flame  or  smell,  except  when  sulphurous  {sic),  and  it  leaves 
a  white-colored  ash.  It  produces  no  soot,  and  seems  indeed  to  be 
merely  carbon,  or  coal  deprived  of  its  volatile  matter  and  bitumen, 
and  converted  into  coke  from  subterranean  calcination  {sic),  frequently 
from  contact  with  lohin  dikes.'  Abounds  in  Ireland  under  the  name  of 
Kilkenny  coal.  In  Scotland  it  is  called  '  blind  coal,'  and  in  \¥ales 
'  malting  or  stone  coal.'  It  contains  90  to  97  per  cent.  C,  speciflc 
gravity,  1.3  to  1.5,  increai^ing  with  the  proportion  of  earthy  impuri- 
ties."* 

*  Uro's  Diet.  Ed.  1845,  p.  9G9. 
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In  Watt's  Dictionary  of  Chemistry,  vol.  I,  p.  1032 : 

"  The  following  appears  to  be  as  satisfactory  a  classification  of  the 
more  important  kinds  (of  coal)  as  is  possible,  together  with  an  indi- 
cation of  tlieir  ciiaracteristic  differences  and  of  the  localities  whence 
they  are  obtained. 

"  1.  Lignite  or  Brown  Coal  generally  maintains  its  lamellar  or 
woody  structnre.  Yields  a  powdery  coke  in  the  form  of  the  original 
lumps.  Brittle,  burns  easily,  but  often  contains  from  30  to  40  per 
cent,  of  water. 

"  2.  Bituminous  or  Caking  Coals. — The  most  extensively  diffused 
and  valuable  of  tlie  English  coals.  Are  of  various  shades  of  brown 
and  black  ;  emit  much  gas  on  heating. 

"  a.  Caking  Coal. — Splinters  on  heating,  but  the  fragments  then 
fuse  together  into  a  semi-pasty  mass. 

"  b.  Cherry  Coal  or  soft  coal. — Lustre  very  bright.  Does  not 
fuse.     Ignites  well  and  burns  rapidly. 

"  c.  Splint,  Rough,  or  Sard  Coal. — Black  and  of  glistening  frac- 
ture. Does  not  ignite  readily,  but  burns  up  to  a  clear,  hot  fire,  con- 
stituting a  good  house  coal. 

"  d.  Cannel  Coal  (Parrot  Coal  of  Scotland). — Of  dense,  compact, 
and  even  fracture,  conchoidal  in  every  direction.  Takes  a  polish 
like  jet.     Splinters  in  the  fire,  and  burns  clearly  and  brightly. 

"  4.  Anthracite,  Stone  Coal,  or  Culm. — The  densest,  hardest,  and 
most  lustrous  of  all  varieties.  Burns  with  little  flame  and  no  smoke, 
but  gives  a  great  heat.  Contains  very  little  volatile  matter.  Splint- 
ers when  heated,  and  ignites  with  difficulty.  Color  deep  black,,  frac- 
ture lamellar,  parallel  to  bed  of  deposit,  Conchoidal  in  cross  frac- 
ture. Applied  successfully  to  smelting,  and  much  valued  as  a  steam 
coal  in  the  navy. 

"Steam  Coal. — Approaches  nearly  to  anthracite.  It  does  not 
(crumble  into  small  pieces  under  friction,  and  is  hence  well  adapted 
for  stowage.     It  also  emits  little  smoke." 

The  most  careful  classification  yet  made,  as  well  as  the  one  which 
concerns  us  most  nearly  from  the  fact  that  the  types  on  whicli  the 
classification  is  based  are  from  our  own  district,  is  that  of  Prof  H. 
D.  Rogers,  p.  983,  vol.  II,  part  2,  of  liis  general  Report.     He  says; 

"  Subdividing  the  whole  class  of  substances,  which  we  call  coal  in 
accordance  with  their  most' natural  characters,  we  find  them  to  ar- 
range themselves  into  the  following  four  principal  groups,  in  tlie  order 
of  diminishing  carbon  and  augmenting  hydrogen. 

"  Anthracites. — Volatile  matters  below  6  per  cent. 
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"Semi-anthracites. — Volatile  matters  below  10  per  cent. 

"Semi-bituminous. — Volatile  matters  between  12  and  18  per  cent. 

"  Bituminous. — Volatile  matters  above  18  per  cent. 

"  These  convenient  distributions,  '  which  have  crept  extensively 
into  use  since  first  proposed  by  me,'  are  retained  as  a  basis  of  a  gen- 
eral classilicati(Mi  which  recognizes  three  main  orders,  viz. :  Anthra- 
cites, Common  Bituminous,  and  Hydrogenous  J' 

In  the  following  table  will  be  found  a  condensed  form  of  tlie  defi- 
nitions which  he  applies  to  the  coals  : 

f  C,  94  to  90  per  ceut. 

H,  1  to    3 

f  Hard  or  drvJ  C)  and  N,     1  to    3       " 

I  I   Water,         1  to    2        " 

Anthraritp     '  t  Ashes,         3  to    4 

Anthracite.    >         g^_^^^.  J-  ^  ^^^  p^^.  ^,g^^_ 

I  or  J   Volatile  infianimable  matter,    7  5       " 

[      gaseous.       |   Water  expelled  at  212°,  2.5        " 

[  Earthy  matter,  6.0       " 

f  Cherrv. 
Serai-Bitu-    1  Splint.  f  Carbon,  52  to  84  p.  c. 


Common 

Bituminous 

Coal. 


mini 


r  Sp.  gr.  1.269  Average      1     |  Volatile  H.  Cs,  12  to  48 

Caking. -i  C,        76  0  proximate   |    •{   Earthy  matter,  2  to  20 

I  H,         5.0  analysis  of    '    |  Sulphur,               1  to    3 

[Ash,     1.5  the  order.    J     (.  Water  at  212°     1  to    4 


[Bituminous.  |  [  More  C  and  H.  than  caking  f  C,  7.o  to  80  p.  c. 

J    ,,,  J       coal,  and  leaves  about  10  |  Ulti-      H,  5  lo    6     " 

I'-herry. -j       p.  c.  of  ash.  j  mate      N,  1  to    2    " 

1  Specific  gravity,  1.255.  1  anal-      O,  4  to  10     " 

I   ysis.        S,  0.4  to  3     " 

[  Ash,        3  to  10     " 

Splint;.     J  Specific  gravity,  1.29. 
[  J  9  p.  c.  ash  IS  best. 

Hydroge-   CCannel  coal,  minimum  yield  of  gas,  9000  cubic  feet  per  ton. 

nous  or  -l  Shaly  (Torbanehill). 
Gas  Coal.    (Asplialtic  (Albert  Mine). 

This  classification  of  Prof.  Rogers,  M'hilst  perhaps  convenient  for 
commercial  purposes,  is  faulty  in  theory,  and  the  cause  of  much  con- 
fusion in  discussing  the  proper  place  to  which  different  coals  should 
be  assigned,  because  elements  are  introduced  into  the  definition  which 
are  unessential  to  the  fuel  proper,  but  of  which  the  variation  never- 
theless will  cause  an  apparent  variation  in  the  essential  constituents 
of  the  coal,  /.  e.,  its  ignitible  constituents. 

It  is  not  claimed  here  that  some  such  definition  may  not  serve  a 
good  purpose  among  coal  dealers  by  implying  in  one  word  a  number 
of  different  ideas,  but  the  inevitable  result  of  an  attempt  of  this  kincl 
is,  1st,  to  enormously  increase  the  vocabulary  necessary  for  transmit- 
ting ideas,  and,  2d,  to  })revent  the  exact  exj^ression  of  slight  shades 
of  difference  where  there  happens  to  be  no  corresponding  woi'd  for 
such  shades.  Like  the  Chinese  language,  it  makes  a  word  stand  for 
a  whole  sentence,  but,  also  like  the  Chinese,  it  demands  an  inordi- 
nately large  number  of  words. 

As  an  illustration  of  some  of  the  bad  effects  of  sucli  a  system  (at 
VOL.  VI.— 28 
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least  for  systematic  classification),  let  us  suppose  that  ^\;e  have  a  pure 
coal  corresponding  to  each  of  the  limits  which  Professor  Rogers  sets 
for  bituminous  coals,  viz. :  1st.  Fixed  carbon,  84  per  cent. ;  volatile 
hydrocarbons,  12  ;  that  is  to  say,  one  part  of  volatile  hydrocarbons 
to  7  parts  of  fixed  carbon.  2d.  Fixed  carbon,  52,  and  volatile  hy- 
drocarbons, 48  =:  13  :  12.  If  we  mix  the  first  of  these  materials  with 
various  weights  of  impurities,  we  shall  have  substances  whose  con- 
stitution is  expressed  in  the  following  table : 


I. 

IT. 

III. 

IV. 

Impurities,      .         .         .     Per  cent. 

20 

28 

36 

44 

Fixed  carbon,          .         .        "       " 

70 

63 

56 

49 

Volatile  hydrocarbons,   .        "       " 

10 

9 

8 

' 

n  the  second  case  the  table  wou 

Id  be 

! ; 

I. 

II. 

III. 

IV. 

Impurities,      .         .         .     Per  cent. 

0 

25 

50 

75 

Fixed  carbon,          .         .        "       " 

52 

39 

26 

13 

Volatile  hj-drocarbons,   .        "        " 

48 

86 

24 

12 

Yet  the /we/  portion  of  all  the  mixtures  in  tlie  first  table  is  the  same, 
viz.,  a  bituminous  coal  of  the  composition  C  :  V.  H-C.  :  :  87.5  :  12.5, 
and  that  of  all  the  mixtures  in  the  second  C  :  V.  H-C  : :  52  :  48. 
The  foreign  impurity  is  the  only  item  of  difference  between  the  an- 
alyses of  each  table. 

In  otlier  words,  if  the  important  allowance  be  made  for  impurities, 
most  of  which  are  accidental  in  the  formation  of  the  coal,  we  see  by 
the  first  table  that  one  of  the  coals,  reckoned  at  present  to  the  bitu- 
minous series,  might  descend  to  the  composition  of  a  dry  anthracite, 
by  impurities  introduced  into  it  after  it  was  mined,  if  these  impuri- 
ties did  not  remove  it  from  the  catalogue  of  commercial  fuels.  By 
the  second  table  it  is  observed  that  by  the  same  means  a  flit  hydro- 
genous coal  might  be  so  modified  by  foreign  substances  that,  if  the 
latter  be  neglected,  it  could  be  placed  in  the  category  of  a  semi-an- 
thracite. Neither  is  such  a  large  amount  of  impurity  an  anomaly, 
nor  does  it  affect  the  character  of  the  coal,  except  commercially.  The 
"  bone  "  and  roof  shales  ought  to  be  able  to  indicate  the  character  of 
their  coals  almost  as  well  as  the  coals  themselves,  and  though  the 
materials  are  not  here  at  hand  to  prove  that  they  would  do  so,  it  is 
nevertheless  quite  possible  that  they  would. 

The  true  method  to  be  pursued  in  obtaining  comparative  data  for 
coals  is  indicaknl  bv  Prof  Walter  R.  Jolnison,  in  his  unrivalled  report 


CLASSIFICATION    OF    COALS. 


435 


to  tlie  United  States  Government,  in  1844,  on  American  Coals;  and 
consists  in  giving  the  ratio  of  volatile  to  fixed  combustible  matter. 


PENNSYLVANIA    COALS. 

VII.   Dauphin  and  Susquehanna. 
VIII.    Blossburg. 

IX.   Lycoming    County     (near    Eal- 
ston). 
X.   Quinn's  Run. 
XI.   Xarthaus. 
XII.  Cambria  County,  ten  miles  from 
Hollidaysburg. 


CUMBERLAND    COALS. 

I.  New  York    &  Maryland    Mining 
Co. 
II.  JohnNeff' ?,  near  Frostburg,  above 
Cumberland. 

III.  "William   Easby,  "coal  in  store," 

Cumberland,  Md. 

IV.  Easby  and  Smith,  "coal  in  store" 

mine. 
V.   Atkinson  &  Templeman,  Dan's  Mt. 
VI.   Cumberland  (for  Navy  Yard  use). 

A  synoptical  table,  containing  tlie  analyses,  specific  gravity,  etc.,  of 
the  above  coals,  is  printed,  p.  304  of  Prof.  Johnson's  Report,  as  sum- 
ming up  the  information  obtained  in  regard  to  this  class  of  coals. 

The  ratios  of  volatile  to  fixed  combustible  matter  (i.  e.  the  quotient 
obtained  by  dividing  the  percentage  of  the  former  into  that  of  the 
latter)  here  follows : 

Cumberland  Coals, 

Pennsylvania  Coals, 

Professor  Rogers,  in  his  Essay  on  the  "  Classification  of  Coals," 
Vol.  II,  part  2,  p.  989,  appears  in  one  sentence  to  recognize  the  im- 
j)ortance  of  this  ratio,  though  he  nowhere  makes  it  an  essential  factor 
of  his  system,  unless  it  be  in  a  table  which  will  be  considered  shortly. 
He  remarks : 

"The  distinctive  properties  of  the  different  kinds  of  coal  are  deter- 
mined mainly,  though  not  altogether,  by  the  relative  proportions  of 
solid  carbon  and  volatile  matter  which  they  severally  contain." 

Also:  "The  essential  diiference  between  the  bituminous  coals  and 
the  anthracites  is,  not  that  the  latter  contain  no  gases  or  volatile 
matter,  for  they  sometimes  possess  as  much  as  9  or  10  per  cent.,  but 
that  they  are  destitute  of  those  chemical  compounds  of  the  gases  and 
the  carbon  known  as  bitumen." 

On  referring  to  the  analyses  of  the  coals  whose  ratio  of  combustibles 
is  thus  given,  it  will  be  acknowledged  that  the  uniformity  of  these 
results  is  satisfactory,  considering  that  the  percentage  of  fixed  carbon 
varies  between  68.438  and  76.G88;  the  volatile  substances  between 
12.309  and  19.019;  and  the  ash  between  7.000  and  13.961. 


I. 

5.971 

II. 

5.880 

III. 

5  089 

IV. 

4.786 

V. 

4.937 

VI. 

5  000 

VII. 

5.374 

VIII. 
4.946 

IX. 

5.181 

X. 

4.046 

XI. 

4.110 

XII. 

3.056 
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And  as  to  minor  differences,  be  it  observed  that  the  necessary  con- 
nection of  these  beds  with  each  other  has  not  been  made  out  by  Pro- 
fessor Johnson,  who  only  associates  them  together  for  temporary 
convenience. 

It  is  not  always  easy  to  simplify  the  method  of  stating  this  ratio 
to  the  form  adopted  in  Professor  Johnson's  table  as  above,  for  to  be 
applicable  it  must  include  all  kinds  of  coals,  including  the  "  Hydro- 
genous or  Gas  Coals,"  whose  percentage  of  volatile  is  greater  than 
that  of  fixed  combustible  matter.     In  this  case  a  single  number,  viz., 

the    quotient    of  „  p,    would  be  a  fraction,  and  this  is  to  be 

avoided  if  possible.  Of  course  where  the  water  is  also  considered 
the  plan  of  expressing  the  ratio  by  a  single  number  is  impossible. 

Such  ratios  introduced  into  the  discussions  of  the  natural  fuels 
have  the  same  right  of  existence,  and  would  fill  very  nearly  the  same 
role  in  such  discussions  that  the  silica,  protoxide,  and  sesquioxide 
ratios  do  in  the  analytical  formulae  of  minerals.  It  would  be  too 
much  to  say  that  either  method  would  permit  of  a  rigid  division  into 
classes,  since  tliere  are  transition  forms  which  always  will  prevent 
such  absolute  divisions  of  natural  objects ;  but  these  cases  will  form 
a  small  portion  of  the  whole  number,  and  the  handling  of  the  rest 
will  be  much  simplified. 

In  the  tables  constructed  with  due  regard  to  the  above  considera- 
tion, the  first  number  indicates  the  percentage  amount  of  fixed 
carbon  in  the  proportion.  The  next  numl:>er  refers  to  the  volatile 
combustible  matter.  Here  the  analogy  ceases  in  niost  cases,  since  we 
have  determined  above  to  regard  the  coal  as  essentially  a  mixture  of 
gas,  carbon,  and  impurity,  under  which  latter  term  we  include  water, 
ash,  sulphur,  phosphorus,  and  whatever  is  not  a  necessary  factor  of 
the  fuel;  whether  held  in  the  fossil  fibre  of  the  coal-plant  or  sep- 
arated by  ignition  ;  whether  oxidized  or  volatilized. 

A  few  considerations  regarding  these  impurities  will  be  found 
further  on. 

To  repeat :  In  most  cases  the  analogy  between  the  oxygen  ratio  of 
minerals  and  the  combustible  ratio  of  the  fuels  will  cease  at  the 
second  term,  or  as  if  there  were  simply  the  oxygen  of  the  electro- 
negative to  be  compared  with  that  of  the  electro-positive  elements. 
But  just  as  in  this  latter  case  it  is  found  most  convenient  to  separate 
the  electro-positive  elements  by  their  quanti valences,  or  valences,  and 
thus  to  make  a  proportion  of  several  terms ;  so  it  will  be  found  best 
to  add  a  third  term  to  those  expressing  the  fixed  and  gaseous  com- 
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bustibles  for  the  purpose  of  eliminating  an  error  which  is  likely  to 
occur  in  estimating  the  hygroscopic  moisture. 

All  those  who  have  had  any  experience  in  the  analysis  of  coals  are 
aware  that  no  operation  during  the  analysis  requires  so  much  care  as 
the  water  determination. 

From  amidst  the  mass  of  testimony  from  numerous  chemists  on 
this  subject,  I  select  that  of  Prof.  Wormley,  in  the  Reports  of  the 
Ohio  Geological  Survey,  who  states  that  a  given  sample  of  coal 
loses  less  in  weight  wlien  raised  to  240°  than  at  212°.  Mr.  A.  S. 
McCreath,  the  chemist  of  the  present  Geological  Survey  of  Pennsyl- 
vania, in  alluding,  in  his  description  of  methods,  to  this  observation 
{Report  M.,  Second  Geological  Survey  of  Pennsylvania.,  1874-75,  p. 
28),  adds  that  "  this  was  not  found  to  be  the  case  with  the  coals"  he 
"  examined  from  this  State,  for  in  every  instance  was  the  loss  greater 
when  the  coal  was  dried  at  225°  than  at  212'"'." 

It  follows,  however,  from  these  observations  that  the  less  loss  must 
amount  to  an  increase  of  weight  through  oxidation,  accompanied  very 
often,  also,  by  an  actual  disengagement  of  volatile  hydrocarbons  by 
distillation  at  even  these  low  temperatures.*  So  that  the  resultant 
will  be  the  sum  of  a  number  of  positive  and  negative  quantities, 
depending  upon  the  character  of  the  coal,  and  the  ease  with  which 
its  composition  is  changed  by  heat.  That  the  actual  constitution 
of  the  coals  is  thus  changed  to  a  greater  or  less  extent  seems  un- 
doubted. 

If,  now,  part  of  the  volatile  substances  which  should  have  been 
reckoned  to  the  combustible  hydrocarbons  have  been  expelled  with 
the  moisture,  the  gas-carbon  ratio  will  be  affected  by  it,  and,  in  cases 
where  the  known  character  of  the  fuel  permits  a  close  approximation 
to  the  true  amount  of  its  moisture,  this  correction  should  be  made  in 
the  form  of  a  third  term  to  the  proj)ortion.  When  this  appears  with- 
out other  explanation,  it  is  understood  to  refer  to  the  moisture,  thus, 
C  :  V.  H-0.  :  W  =  Fixed  carbon  :  volatile  hydrocarbons  :  water. 

It  is  unfortunate  that  in  the  coal  analyses  cited  by  Professor 
Rogers,  including  those  of  Professor  Johnson,  no  attempt  has  been 
made  to  separate  the  moisture  from  the  volatile  hydrocarl)ons,  all 
being  considered  alike  volatile  matter.  This  fact  vitiates  any  classi- 
fication which  may  be  based  on  such  analyses. 

A  list  of  sixteen  analyses  of  "  hard  dry  anthracites  "  from  Rogers's 

*  See  remark  of  Viirrentrapp,  quoted  from  Rothwell,  by  McCreHtli,  p.  33. 
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final  Report,  vol.  II,  part  2,  pp.  969,  970,  is  given  in  the  following 
table,  together  with  two  e.xtra  columns  showing  the  percentage  of 
fixed  carbon  and  volatile  matter,  calculated  according  to  the  princi- 
ples stated  above : 

Table  I. — Hard  Dry  Anthracites. 


1    Rhode  Island      

Rogers's  Ana 

yses. 

Total. 

Percentage  of  Constitu- 
ents of  Fuel. 

Fixed 
Carbon. 

Volatile 
Matter. 

Ash, 
Water, 
and  Im- 
purities 

Fixed 
Carbon. 

Volatile 

Com- 
bustible 
Matter. 

C 

V«  H-C. 

77.00 
86.60 

88  50 
87  70 
9207 
89.20 
87. 40 
88.20 
90.20 
9410 

89.20 
90.70 
80  57 
83.84 

89  90 
82.47 

3.00 
6.40 
7.50 
6.00 
5.03 
4  54 
7..55 
7.50 
2.52 
1.40 

5,40 
3.07 
7.15 
6  88 
6.10 
9. .53 

20  no 
7.00 
4.00 
5.70 
2.90 
6.26 
5.00 
4.30 
7.28 
4.50 

5.40 
6.23 
12.28 
9  28 
4.00 
8.00 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

96.25 
93  11 
92.19 
93.00 
94.S2 
96.10 
92.05 
9138 
97.28 
98.53 

94.29 
90.72 
91.85 
92.41 
93.64 
89.63 

3.75 
6.89 
7.81 
7.00 
5.18 
390 
7.95 
8.62 
2.72 
1.47 

5.71 
3.28 
8.15 
7.59 
6  36 
10.37 

25.66 
13.51 
11.80 
13.28 
18.30 
24.64 
11.57 
10.60 
35.76 
67.02 

16.51 
29  48 
11.27 
12.17 
14.71 
8.64 

2.  NesquehoniiiK,  10-foot  vein... 

3.  Summit  Mines  of  Leliigh  Co.. 
4. 

5.  Tamaqiia  Coal  D.,  East 

6   Tamaqua<'oal  E.,  East 

7.  Tamaqiia  Coal  R.,  Sharp  Mt... 

8.  Tuscarora 

10.  Schenoweth  Bed,  E.Norweg'ii 

11.  Third  Coal,   Nealy's   Tunnel, 

13.  Sharp  Mt.,  N.  of  Pine  Grove... 

No.  1  was  analyzed  by  Haves  ;    Nos.  2,  3,  4.  5,  6,  7,  8,  anl  13,  by  the  First  Geological  Survey  of 
Pennsylvania;  Nos.  9,  10,  11,  12,  14, 15,  and  16,  by  Prof.  W.  R.  John,son. 

A  similar  table,  with  similar  added  columns  of  the  semi-anthra- 
cites from  the  same  source  \\§re  follows : 


Table  II. — Semi-Antiiracite« 


1.  Black  Si)ring  Gap,  Lea  Vein... 

2.  "            "          "      Gray  Vein.. 

3.  Lykens  Valley,  Third  Bed 

4    Zt'riie's  Run  

Roge 

rs's  Analyses. 

Total. 

Percentage  of  Constitu- 
ents of  Fuel. 

Fixed 
Carbon. 

Volatile 
Matter. 

Ash, 
Water, 
and  Im- 
purities 

Fixed 
Carbon. 

Volatile 

Com- 
bustible 
Matter. 

C 

V.  II-C. 

88.84 

81.62  . 

88.25 

84.25 

88.90 

90.23 

81.40 

82.15 
81.47 

77  23 
79.55 
74  55 

8.96 
9.78 
8.85 
7.31 
7.68 
7.07 

11.40 
10.95 
10.43 

10..57 
10.95 
13.75 

2  20 
8.60 
2.90 
8.44 
96  58 
2.70 

7.20 
6.80 
8.10 

12.10 
9.50 
88.30 

100 
100 
100 
100 
100 
100 

100 
100 
lOO 

100 
100 
100 

90.83 
89  30 
90.>i3 
92.01 
92.04 
92.73 

87.72 
88.23 
88.65 

87.96 
87.90 
84.42 

9.17 

10.70 
9.17 
7.99 
7.96 

7.27 

12.28 
11.77 
11.35 

12.04 
12.10 
15  58 

9.90 
8.35 
9.90 
11.51 
11.56 
12.75 

7.14 
7.49 

7.ai 

7.30 
7.26 
5.41 

5.  Wilkesbirre,  Warden's  Bed 

6    Carbondale 

7.  Black  Spring  Gap,  gray  band 

8.  GoldMineGap,  Peacock  Vein.. 
9           "            "      Ileister  Vein... 
10.  Rausch    Gap,   Dauphin,    Pea- 

11.  Yellow  Spring  (iap 

Nos.  1  and  2  analyzed  by  Prof.  W.  R.  Johnson  ;  Nos.  3,  5,  6,  7,  8,  9,  10, 11, 12,  First  Geological  Sur- 
vey of  Pennsylvania;  No.  4,  Hayes  (mean  of  5  analyses). 

The  following:  is  a  list  of  the  semi-bituminous  coals  from  the  same 
source  and  place : 
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Table  III. — Semi-Bituminous  Coals. 


1    Big  Flats  a 

Prin 

ted  Analyses. 

Total. 

Percentage  of  Constitu- 
ents of  Fuel. 

Fixed 
Carbon. 

Volatile 
Matter. 

Ash, 
Water, 
and  Im- 
purities 

Fixed 
Carbon 

Volatile! 

Com- 
bustible V 
Matter.  1 

C 
.  H-C. 

76.94 
88.80 
73.11 
71.53 
73.50 
74.53 
76.27 
76.69 
74.29 
68.44 

15.06 
1120 
15.27 
14.48 
14.10 
15.13 
l.i.6.-5 
15.98 
16.42 
17.28 

8.00 
0.00c 
11.62 
13.99 
12.40 
10  34 
8.08 
7.33 
9  ''9 
13.98d 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

83.63 
88.80 
82.62 
83.16 
84.13 
83.12 
82.97 
82.75 
81.80 
79.84 

16.37    1 
11.20 
17.39    i 
16.34    1 
15.87 
16.88 
17  03 
7.25 
18.11     ! 
20.16 

5.10 
7.93 
4.75 
5.09 
5.30 
4.92 
4.87 
11.41 
4  52 
3.96 

2.  Broad  Top,  Hopewell  Mine  «... 

5.  K".Y  A  Maryland  Mining  Co  t>. 

6.  Netfsft 

7.  Ea^by's  Coal  in  Store  6 

8.  Afkinson  <&  Tfinpleman'sft 

9.  Eashy  &  Smith's  6 

10.  Cumberland,  Navy  Yardft 

a  Analyzed  by  Penn.  Geol.  Survey.  6  Analyzed  l)y  Prof.  W.  E.  Johnson. 

c  An  unaccountable  blunder  in  the  tables  makes  this  4  per  cent,  of  impurities,  after  the  100  per 
cent,  has  been  accounted  for.  In  many  places  these  analyses  of  coals  of  Rogers's  Survey  show 
signs  of  carelessness.  This  impurity  has  been  stricken  out,  but  this  is  not  probably  the  right 
correction. 

d  An  error  here  of  0.41  per  cent,  in  excess. 

The  table  of  bituminous  coals,  numbering  19,  which  follows  in 
Rogers's  Report,  is  composed  entirely  of  analyses  by  Professor  W. 
R.  Johnson,  and  in  these  the  calculation  is  made  on  the  principle 
advocated  in  this  paper,  viz.,  by  making  the  fixed  carbon  and  vola- 
tile matter  together  =  100.  The  ash  is  ascertained  directly  from  the 
analyses,  while  these  other  ratios  must  have  been  the  subject  of  after- 
computation  ;  yet  there  is  nothing  to  indicate  that,  in  the  columns 
giving  volatile  matter  and  fixed  carbon  in  100  parts,  a  different  system 
from  the  foregoins:  has  been  introduced. 

Table  IV.— BiTrMixous  Coals. 


Johnson's  Analyses. 


I  Fixed 
Carbon 


Volatile 
Matter. 


Sum. 


Lick  Run,  Lycoming  County '  79.28 

Queen's  Run.  below  Farrandsville I  78  28 

Snow-Shoe  Mine i  78  80 

Moshannon  Creek,  near  Philipsburii \  70.50 

Speed's  Mine,  16  miles  from  Philipsburg |  79.60 

Leach's  Mine,  nio  miles  from  Philipsburg...  79  68 

Upper  part  oflarg'e  bed,  Ralston |  79.50 

Karthaus.  Lower  Seatn I  75  20 

Rt'ed's  6-foot  vein.  Curwinsville I  73  00 

Bear  Creek,  Blos.sburg ,  68.00 

Warner's  o-foot  vein,  Caledonia 63.00 

Warner's  3-foot  vein.  Caledonia 61.80 

Blairsvillp  Large  Bed 69.00 

Sandy  Ridge,  4  miles  from  Shippensville 56.80 

Cannel  Coal,  6  miles  east  of  Franklin 47.22 

Cannel  Coal  from  Greensburg 64.00    i 

Conneaut  Lake 61.25 

Near  Greenville 40.50 

Near  Orangeville 56.25 


20.72 
21.50 
21.20 
29.50 
20.40 
20.32 
20.50 
24.80 
27.00 
32.00 
37.00 
38  20 
31  00 
43.20 
52.78 
36.00 
38.75 
59.50 
43.75 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

ioo 

100 
100 
100 
100 
100 


j     Earthy 

C j   Matter  in 

V.  H-C.  101  parts  of 
the  Coal. 


3.82 
3.64 
3.71 
2  39 
3.90 
392 
3.88 
3.03 
2.70 
2.12 
1.70 
1.61 
2.22 
LSI 
0.89 
1.77 
1.50 
0.68 
1.28 


18.07 
4.60 
2.07 
6.10 
12.00rt 
11.75 
5.00 
4.70 
5.30 
5.20 
8.50 
7.20 
4.00 
7.00 
1768 
33.88 
1..S0 
1.70 
2.80 


a  In  Rogers's  Report  this  is  printed  120,  probably  intended  for  12.0. 
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I  have  been  permitted  by  Professor  Lesley,  Chief  Geologist  of  the 
Second  Geological  Survey  of  Pennsylvania,  to  employ  the  following 
analyses  for  the  purpose  of  further  testing  the  method  of  classification 
advocated  here.  They  were  all  made  in  the  laboratory  of  the  Geo- 
logical Survey  in  Harrisburg,  by  Mr.  A.  S.  McCreath,  as  the  Chemist 
of  the  Survey,  and  fellow-member  of  the  Institute.  They  are  in- 
serted as  grouped  by  Professor  Ijcsley,  with  his  numbers  appended 
to  them.* 

Table  V. — Waynesburg  Coal  Bed,  Upper  Bench. 


Water  at  22.5°  Fah 

3 

3 

4 

5 

6 

1.230 
33.135 
49.115 

1.705 
14.815 

Gray. 

1.036 

3S.:!04 

48.968 

2.726 

8.9G9 

Gray. 

0.740 
36.040 
46  890 

2.875 
13.955 

Gray. 

1..385 
37.210 
42335 

3710 
1.5.360 

Red. 

0.770 
.36.115 
48.-554 

2.146 
12.415 
Reddish 
Gray. 

Ash                 

100.00 
05.6:55 

100.00 
60  660 

mo.oo 

63.220 

100  00 
61.405 

100.00 
63.115 

Fixed  Carbon 

59.72 
40.28 

56.11 
43.89 

56  53 
43.47 

53  22 

46.78 

57.34 
42.66 

Sura 

100  00 
1.48 

100.00 
1.27 

100  00 
1.30 

lUO.OO 
1.13 

100.00 
1.34 

C 

v.  11 -C. 

No.  2. — Near  JeflferfOD,  Jefferson  Township,  Greene  County,  Pa.  Coal  of  dull,  dirty  appearance, 
coated  with  iron  oxide.  It  contains  a  good  deal  of  mineral  charcoal  and  numerous  thin  partings 
of  pyrites 

No.  3. — Two  miles  from  Carraichael's,  in  Cumberland  Township,  Greene  County,  Pa.  The  Coal 
is  hard,  with  a  soniewh;il  columnar  structure  and  resinous  lustre.  It  carries  some  mineral  char- 
coal and  pyrites.    (Analyst,  S.  A   Ford.) 

No.  4. — HaWa  mile  north  of  Bealsville,  in  West  Pi,ke  Run  Township,  Washington  County,  Pa. 
Coal  hard  and  compact;  seamed  with  mineral  charcoal  and  pyrites.  Some  pieces  distinctly  lam- 
inated.    (D.  McCreath.) 

No.  5. — Two  and  a  half  miles  south  from  We.st  Middletown,  in  Hopewell  Township,  Washington 
County,  Pa.  Coal  compact,  with  briglit,  shining  lustre.  Contains  numerous  thin  partings  of  slate 
and  pyrites. 

No.  6. — Two  miles  northeast  from  Hillsboro,  in  Somerset  Township,  Washington  County,  Pa. 
Coal  exceedingly  tender;  generally  coated  with  an  cttlorescence  of  copperas.  Seamed  with  char- 
coal and  pyi'ites. 

From  the  above  consideration  it  would  appear  tliat  the  true 
analogues  among  the  above  coals  are  Nos.  3  and  5  and  Nos.  4  and  6. 
No.  2  is  evidently  the  only  representative  of  its  own  class  among  the 
specimens. 

The  Lower  Bench  of  tlic  same  Waynesburg  basin  is  represented 
as  follows : 


*  These  anal^'ses  will  be  shortly  issued  in  the  report  of  Mr.  McCreath  (MM.) 
for  1875.     P.  F.,  Jr.,  March,  1877. 

f  Neglecting  the  impurities,  and  counting  the  fixed  carbon  and  volatile  hydro- 
carbons together  =  100. 
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Table  YI. — Waynesburg  Coal  Bed,  Lower  Bench. 


Water  at  22-')°Fah      

7 

8 

9 

10 

1 
11 

1.265 
34.685 
49  590 

1.270 
13.190 

Gray. 

1.175 

.   35.615 

49.725 

2  280 
11.205 

Pink. 

1.180 
32.344 
51.582 

1.306 
13.588 

Cream. 

1.2:15 

3f;,is.T 

46  723 

2.972 

V>  S.S5 

Reddish 

(iii.y. 

0.920 
33.710 
52.064 

1.121 
12.185 

Gray. 

Ash 

Color .• 

100  00 
64.050 

100.00 
C3.210 

100.00 
66.476 

100.00' 
62.580 

100.00 
05.370 

58.84 
41.16 

58  26 
41.74 

61.46 
.  38.54 

56  35 
43  65 

60.69 
39.31 

C 

1.43 

1.39 

1.59 

1.29 

1.54 

V.  H-C. 

No  7. — One  and  a  half  miles  from  Waynesburg,  in  Franklin  Town.ship,  Greene  County,  Pa. 
Coal  very  hard  and  compnct,  resinous  lustre;  somewhat  slaty.    (David  McCreath.) 

No.  8.— NearJeft'er.son,  .lettersoii  Township,  Greene  County,  Pa.  Coal  shining,  iridescent,  brittle, 
with  numerous  thin  partings  of  pyrites. 

No.  9  — One  mile  Irom  Carniicliaers.  in  Cumberland  Township,  Greene  County,  Pa.  Coal  hard, 
with  resinous  lustre;  carries  a  good  deal  of  pyrites  iu  thin  partings,  also  some  mineral  charcoal 
and  slate.     (S.  A.  Ford.) 

No.  10. — On  Ruti's  Creek,  in  Morgan  Township,  one-half  mile  from  Martinsville,  in  Greene 
County.  Pa. 

No.  11. — Near  Centre  School-house,  in  Morgan  Township,  four  miles  from  Jefferson,  Greene 
County,  Pa. .  Coal  hard,  brittle;  seamed  with  mineral  charcoal  and  pyrites;  shows  a  slight  efflor- 
escence of  copperas.    (D.  McCJreath.) 


Another  series  still,  the  Lower  Bench  of  the  Waynesburg  Coal 
Bed,  was  represented  as  follows  : 

Table  YII. 


Water  at  225°  Fah 

12 

13 

14 

15 

1200 

38.860 

49.402 

2.348 

8  190 

Pink. 

1.000 
3.1.675 
50.846 

1.694 
10.785 
Cream. 

l.sio 

.18,520 

51.181 

1.179 

7.310 

Cream. 

1  190 
36.585 
43  489 

2.806 
15.930 
Gray. 

Ash 

Color  of  Ash 

100.00 
59.940 

100.00 
63.325 

100.00 
59  670 

100.00 
62.225 

Coke,  percent 

5.4 
55.97 
44.03 

10.7 
58  75 
41.24 

4.3 
57.05 
42.95 

20.17 
54.31 
45  69 

Fixed  Carhoiit 

100.00 
1.27 

100.00 
1.36 

lOO.OO 
1.32 

100.00 
1.19 

C 

1  V.  H-C. 

No.  12. — Three  miles  from  Jefferson,  Greene  Cnuuty,  Pa.  Coal  very  brittle,  of  dull,  dirty  aspect, 
mostly  coatrd  with  iron  oxide  ;  fresh  fracture  of  pitchy  lustre;  contains  a  good  deal  of  pyrites 

No.  13. — Rice's  Landing,  (jreene  County,  Pa.  Coal  of  dull,  dirty  aspect,  much  coated  with  iron 
rust  and  a  yellowish  efflorescence  of  copperas;  considerable  slate,  mineral  charcoal, and  pyiites. 

No.  14. — Near  Atchison  Post  Office,  Buffalo  Township,  Washington  Comity,  Pa.,  two  luiles  west 
by  north  from  Washington,  and  on  Brush  Run.  Compact,  bright,  shining  lustre;  numerous  thin 
partings  of  mineral  charcoal,  slate,  and  pyrites. 

No.  15. — At  Pleasant  Valley  Village,  eiyht  miles  southeast  of  Washington,  Washiiieton  County, 
Pa.  Coal  hard,  compact ;  seamed  with  charcoal,  slate  and  pyrites;  much  coated  with  yellowish 
efflorescence  of  copperas.  (David  McCreath.)  Specimen  not  marked  as  from  any  special  bench 
in  the  bed. 

*  Calculated  as  =  100,  neglecting  all  other  constituents  of  the  analysis. 
f  Fixed  carbon  -)-  volatile  combustible  matter  taken  =  100.    Other  constituents 
of  the  coal  neglected. 
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The  following  table  expresses,  in  a  condensed  form,  the  percent- 
age of  hydrocarbons  in  all  the  above-mentioned  specimens  from  the 
Wayuesburg  Bed,  assuming  the  sum  of  the  fixed  carbon  and  volatile 
hydrocarbons  to  be  together  equal  to  100,  and  neglecting  the  bench 
to  which  each  belongs,  and  omitting  fractions. 

Tabt.e  A^iir. 


5 

15 

3 

10 
12 

4 
6 
14 

8 

7 
13 

2 

9 
11 

Per  cent,  of  Vol.  H-Cs.  (C+H-C  =  100) 

47 

46 

44 

43 

42 

41 

40 

39 

In  other  words,  the  most  gaseous  representative  of  the  Upper 
Bench  of  the  Wayuesburg  coal  is  No.  5,  from  Hopewell  Township, 
Washington  County,  Pa.,  and  the  least  gaseous  from  the  same  bench, 
No.  2,  from  Jefferson  Township,  Greene  County ;  while  that  repre- 
sentative of  the  lower  bench  richest  in  volatilizable  fuel  is  No.  15, 
from  Pleasant  Valley,  Washington  County  (very  nearly  like  No.  5), 
and  the  poorest  is  No.  9,  Cumberland  Township,  Greene  County, 
(very  nearly  the  same  as  No.  2). 

The  Sewickly  coal  bed  is  the  second  bed  above  the  Pittsburg  coal 
bed,  and  underlies  the  great  limestone  of  the  Upper  Productive,  or 
Monon^ahela  River  Coal  Series. 


Table  IX. — Sewickly  Coal  Bed. 


AVaterat  225°  Fab 

Volatile  Matter 

Fixed  Carbon 

Sulphur i 

Ash 

Sum •... 

Coke 

Fixed  Carbon,     )  

Volatile  Matter,  i-Siiupiified 
Impurities,  j  

Fixed  Carbon 

Volatile  Matter 

C 
V.H-C- 


17 

IS 

19 

1.790 
3.=i.400 
56,818 

1.152 

4.840 

1..500 
30.428 
55.0.38 

1.406 
11.628 

1.088 
34.012 
51.783 

2.261 

10.856 

100.000 
62810 

100  ono 

68.072 

100.000 
64.000 

56.818 

35.500 

7.702 

85.038 
30.128 
14.534 

51.783 
34.012 
14.205 

61.62 
38.39 

64.39 
35.61 

60.35 
39.65 

1.60 

1.80 

1.52 

No.  17. — Lucas  Creek,  Upper  Bench,  Greene  County. 
No.  18. — Wbiteby  Creek,  Upper  Bench,  Greene  County. 
No.  19. — Gray's  Bank,  Lower  Bench,  (freene  County. 
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Table  X. — Pittsburgh  Coal  Bed — Roof  Coal. 


31 

L.Vernon's. 

22 

Patterson's. 

J.  Masree's. 

4.5.89.5 

38.490 

1.020 

2.905 

11.690 

51.467 

36.770 

0  775 

2.048 

8  890 

41.324 
40.510 
1.510 
7..566 
9  090 

Water 

Sulphur 

Ash 

Sum 

100.000 
60.490 
Gray. 

lO'i.OOO 
62.455 
Gray. 

100.000 

59  980 

Dei'p  Pink. 

Coke 

Color  of  Ash 

Fixed  Carbon,                  ^  

45.895 
38.490 
15.615 

51.467 
36770 
11.763 

41.324 
40.510 
18.166 

Volatile  Hvdrocarbons,  ySimplifled 

Impurities,                       J  

Sum 

100.000 

100.000 

100.000 

Fixed  Carbon* 

54.38 
45.62 

58  32 
41.68 

50.09 
49.91 

Volatile  Hydrocarbons 

Sum 

C 

100.00 
1.19 

100  00 
1.3  9 

100.00 
1.00 

V.  H-C. 

Table  XI. — Pittsburgh  Bed,  Upper  Bench,  Washington  Co.,  Pa 


24 

Reed's. 

25 

Neil's. 

26 

West's. 

27 

J.  White's 

57..3:H2 

35.315 

1.110 

0.648 

5.595 

5.5.010 

35.350 

1.020. 

0.875 

7.745 

60  537 

35.420 

1220 

0.658 

2.165 

5.5.312 

36810 

0.890 

0.643 

6.345 

Water 

Ash 

Sum 

100.000 
63.575 

Cream. 

100.000 
63.650 

Gray-red 
tinge. 

100.000 
63.360 

Red. 

100.000 
62  300 

Cream. 

Coke 

Fixed  Carbon,                  ")  

57.3.32 
35.315 
7.353 

55.010 

35.350 

9.640 

60.537 
35.420 
4  043 

55.312 
30.810 

7.878 

Volatile  Hvdrocarbons,  >."^implified 

100.000 

loo.oocr 

100.000 

100.000 

61.88 
38.12 

60.87 
39.13 

63.08 
36.92 

60.04 
39  96 

•     Sum 

100.00 
1.62 

100.00 
1.65 

100  00 
1.58 

100.00 
■    1.50 

C 

V.  H-C. 

*  Fixed    carbon 
stituenls  neglected. 


-1-  volatile   combustible    matter   taken  =  100.      Other   con- 
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Table  XII. — Pittsburgh  Bed,  Upper  -Bench,  Washington  Co.,  Pa. 


Fixed  Carbon 

28 

N.  Eagle 
Works. 

39 

Liddel's. 

30 

Thomas's. 

31 

Bushfield's. 

3^ 

Ij.  Vernon's. 

58.1.=i4 

3O.S.30 

1.180 

0.761 

4.075 

55.030 

35.075 

0.650 

3.910 

7.335 

50.311 

40.3.50 

l.OSO 

2.594 

5.665 

54.561 

37.735 

1.730 

1.499 

4.475 

54185 

38.580 

08.50 

1 .290 

5.095 

Water 

Sulphur 

Ash  : 

100.000 
62.990 

Gray. 

100  000 
64.275 

Cream. 

100.000 
58.570 

Red. 

100.000 
60.535 

Gray. 

100.000 

60.570 

Gray-red 

tinge. 

Coke 

Color  of  Ash 

Fixed  Carbon,                  ~)    „. 
Volatile  Hvdrocarbons,  V   ,?'"', 
Impurities;                      'Jphhed 

Fixed  Carbon* 

58.154 
35.830 
6  016 

55.030 
.35  075 
9.895 

50.311 

40.350 

9.339 

54  .561 
37.735 

7.704 

54.185 

38.580 

7.235 

62.09 
37.91 

01.07 
38.93 

55.49 
44.51 

59.11 
40.89 

58.41 
41.59 

Volatile  Hydrocarbons    

C 

1.64 

1.57 

1.24 

1.20 

1.40 

V.  H-C. 

Table  XIII. — Pittsburgh  Bed,  Lower  Bench,  Washington  Co.,  Pa. 


33 

Neil's. 

34 

J.  White's. 

35 

J.  Magee's. 

36 

N.  Ea.ule 
Works. 

37 

Liddel's. 

60.414 

34.6.55 

1.120 

0.766 

3  045 

37  979 

34.125 
1.290 
0..586 
6.020 

40.2.53 

38.720 

1.130 

3.722 

16.175 

58.167 

35.275 

1.140 

0.785 

4.660 

56.829 

36.880 

1.425 

0796 

4.070 

Water 

Ash  

100.000 
64.225 

Gray. 

100.000 
64.585 

Cream. 

100  000 
60.150 

Red. 

100.000 
63.585 

Gray. 

100  000 

61  695 

Gray-red 

tinge. 

Coke 

Color  of  Ash 

Fixed  Carbon,                  ")    q;„. 
Volatile  Hydrocarbons,  V;,,?!"^ 
Impurities,                        J  P'^ne"^ 

Sum 

60.414 
34.6.55 
4.931 

57.979 
34.125 
7.896 

40.253 
38.720 
21.027 

58.167 
35.275 
6.558 

56829 
36.880 
6.291 

100.000 
63.54 
36.46 

100.000 
62.94 
37.06 

100.000 
59.97 
49.03 

100.000 
62.24 

37.86 

100.000 
60.64 
39  36 

C 

1.74 

1.69 

1.04 

1.65 

1.54 

V.  H-C. 

*  Fixed    carbon    +   voljitile    combustible    matter    taken 
stitiieiils  of  the  coal  neglected. 

f  Fixed  carbon  -|-  volatile  hydrocarbons  =  100. 


100.     Other  con- 
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Table  XIY. — Pittsburgh  Bed,  Main  Bench,  Greene  Co.,  Pa. 


Fixed  Carbon 

38 

Maple 
Farm. 

39 

L.  Veruon. 

40 

P  AshwisL's 

59  051 

36  490 

1.030 

0.819 

2.610 

55.608 

37.225 

1.040 

0.982 

4.145 

48.769 
40.995 

1.010 

1.206      j 

7.020 

Wiiter 

Ash 

100.000 

62.480 

Cream. 

100.000 

61.735 

Cream. 

100.000 
57.995      1 
Red. 

Coke 

Color  of  Ash 

Fixed  Carhon,                  f  

59.051  . 

36.490 

4.459 

56.608 

37.225 

6.167 

48.769      1 

40.995 

10.236 

IiujHuities,                        )    

100.000 

100.000 

100.000 

Fixed  Carbon* 

61.80 
38.20 

60.33 
3967 

54.33 
45.67 

Sum 

C 

100.00 
1.01 

100.00 
1.5? 

100.00 

1.19 

• 

V.  H-C. 

Table  XY. — Pittsburgh  Bed,  Bench  not  Stated. 


41 

Greene  Co. 

43 

43                  44 

Washington  County. 

45 

Dr.  Mulliu's 
Low'rB'neh 

Harding's 
Shalt. 

T.  Thomp- 
son's Bank. 

Th's  Radd's 
liauk. 

Frick  &  Co. 
Average. 

52.649 

38.390 

0  900 

1.941 

6.120 

57.063 

37.825 

1.540 

0.762 

2.810 

55.033 

39.790 

1.095 

1.172 

2.910 

55  920 

38.525 

0.680 

0.855 

4.020 

59.616 

30.107 

1.260 

0.784 

8.233 

Water 

Sulphur.          

Ash 

Sum 

100.000 

60.710 

Rtddi.-,h- 

gray. 

100,000 
60.635 

Cream. 

ino  000 
59.115 

Gray. 

loo.noo 

00.795 
Red. 

100.000 
68.633 
Reddish- 
gray. 

Coke 

Fixed  Carbon,                  ")    o. 
Volatile  Hydrocarbons,  k,,  ^Vd 
Impurities,                        j  P''°™ 

52.649 
38  390 
8.961 

57.063 

37.825 

5.112 

55.033 

39.790 

6.442 

55.920 
38.525 
5  555 

59.616 
30.107 
10.277 

100.000 
57.83 
42.17 

100.000 
60.14 
39.86 

100.000 
58.82 
41.18 

100.000 
59  21 
40.79 

100.000 
66.44 
33-56 

100.00 
1.37 

100.00 
150 

100.00 
1.42 

100.00 
1.45 

100.00 
1.98 

C 

V.  H-C. 

*  Fi.xed  carbon  -f-  volatile  cornbii?lible  matter  taken 
ents  of  the  coal  netrlectcd. 


100.     Other  constitu- 
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Table  XVI. — Pittsburgh  Bed  in  Somerset  County,  Pa. 


46 

Savior's 
Hill"  Mine. 

47 

Cumber- 
land and 
Elk  Lick 
Co.  Mine. 

4S 

Keystone 

Coal 
Mining  Co. 

49 

Livingood 
it  Ki.'im. 

66..TI0 
ly.Ofi.i 
1.(130 
0.77.5 
11.120 

69.352 

21.470 

1.385 

0.763 

7.030 

70.231 
19.610 
1.058 
0.761 
8.340 

68.774 

22.3.50 

1.665 

1.246 

5.965 

Water...            

Ash 

100  000 

78  41)5 

Gray-red 

tinge. 

100.000 
77.145 
Gray- 
reddish. 

100.000 
79.340 

Gray. 

lOO  000 

75.985 

Gray-pink 

tinge. 

Coke 

Fixed  Carbon                   ')  

66.510 

19  96.') 

■   13.5-'5 

69.3.52 
21.470 
8.178 

70.231 
19.610 
10.159 

68.774 
22  3.50 

S.876 

Sum        

100.000 

100.000 

100.000 

100.000       < 

76  91 
23.09 

76.36 
23.64 

79.73 
20.27 

75.47 
21. .53 

100.00 

100.00 

100.00 

100.00 

c 

333 

3.23 

3.93 

3.07 

V.  H-C. 

/ 


Table  XVII. — Pittsburgh  Bed  in  Somerset  Co.,  Pa. 


Fixed  Carbon 

Volatile  Hydrocarbons 

Water 

Sulphur 

Ash 

Sum 

Coke 

Color  of  Ash 

Fixed  Carbon, 

Volatile  Hydrocarbons,  ^Simplified 

Impurities, 

Sum 

Fixed  Carbon 

Volatile  Hydrocarbons 

C 

V.  H-C. 


30 

E.  Voder's. 

51 

Wilhelm's 
Low. Bench. 

52 

Wilhelm's 
The  Rider. 

53 

J.  Beechy's. 

69.677 

21,285 

1465 

0  693 

6.880 

66.907 
21.000 
1  190 
0.713 
10.190 

69.986 
21.4.50 
1.570 
0.679 
6  315 

69.016 

21.010 

1.680 

0  764 

7.530 

100.000 

77.2.50 

Reddish- 

giay. 

100.000 
77.810 
Reddish- 
gray. 

100.000 

76.980 

ReddLsh- 

gray. 

100.000 

77  310 

Gray-red 

tinge 

69.677 

21.285 

9  038 

66.907 
21.000 
12  093 

69.986 

21.450 

8.564 

69.016 
21.010 
9.974 

100  000 

100.000 

100.000 

100.000 

76.60 
23  40 

76.11 
23.89 

76.54 
23.46 

76.64 
23.36 

3.27 

3.10 

3.26 

3.28 

The  following  arc  .some  ratios,  calculated  from  the  analyses  made 
for  Professor  Stevenson,  and  ])ublished  in  his  report.  It  should  be 
stated  that  many  of  the  analyses  from  this  re])()rt  are  included  among 
the  tables  given  above,  which  were  provisionally  arranged  in  their 
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pre.sent  order  by  Professor  Lesley  to  show  the  modifications  of  com- 
position which  take  place  in  different  parts  of  the  same  coal  bed, 
and  which  become  very  apparent  when  expressed  in  the  terms  of  fuel 
ratio,  as  an  inspection  of  the  fuel  ratios  of  the  Pittsburgh  bed  in 
Washing-ton  and  Somerset  counties  will  show.  The  localities  of 
many  of  the  coals  wliich  here  follow  are  the  same  as  localities  pre- 
viously given,  but  when  the  analyses  were  not  identical  it  has  been 
considered  worth  while  to  place  its  fuel  ratio  here. 


Table  XVJII. 


. 

^ 

1 

.2  i 

>. 

6 

H     * 

o  K 

< 

ns 

1  ° 

> 

1.  Henderson,  near  Tavlortown,  Bufl'alo  Township, 

F^ 

1              Greene  Co.,  Pa 

A.S.McCreath. 

55.01 

44.99 

1.22 

'     2.  Savre's,  below  Wavnesburg,  Franklin  Township, 

Greene  Co.,  Pa 

" 

54  66 

45.34 

1.20  1 

3.  L.  Vernon,  Jefferson  Township,  Greene  Co.,  Pa., 

" 

58  41 

41.59 

1.40 

4.  Liddell.  Centreville,  Jefferson  Township,  Wash- 

ington Co 

" 

60.64 

sg..^ 

1.53 

i     5.  West  Greenfield,  Jefferson  Township,  Washing- 

1              ton  Co.,  Pa 

" 

63.09 

36.91 

1.70 

1     6.  T.  Redd,  Fallowfield  Township,  Washington  Co., 

1              Pa 

D  :McCreath. 

58.81 

41.19 

1.42 

7.  Thomas,  Peters  Township,  Washington  Co.,  Pa., 

A.S.McCreath. 

55.49 

44.51 

1.24 

1     8.  Mrs.  Bushfield,  Cross  Creek  Township,  Washing- 

1              ton  Co.,  Pa 

D.  McCreath. 

59.11 

40.89 

1.44 

'     9.  Patterson   (roof   coal),  Centreville,  Cross  Creek 

Township,  Washington  Co.,  Pa 

" 

58.32 

41.68 

1.39 

10.  Jefferson  County,  Ohio 

Wormlev. 

61.45 

38.55 

1.59 

I 

63.46 
66.14 
63.46 
64.93 
60  92 
62.33 

36.54 
33.86 
36.54 
35.07 
39  08 
37.67 

173 
1.95 
1.73 
1.85 
1.55 
165 

12.        "               '•               "    

13.  Harrison      "               "    

14.           "            "               "    

15.  Athens         "                "    

16.  Pomeroy      "               "    

17.  Potter's  Bank,  Raccoon  Township,  Beaver  Co., 

i              Pa 

A.S.McCreath. 

58.07 

41.93 

1.38 

'    18.  Swearinuen's,  Hookstown,  Beaver  Co.,  Pa 

" 

58.05 

41.95 

1.38 

19.  Todd's  Bank,            "                   "               "  .  . 

D.  McCreath. 
A.S.McCreath. 

54.08 
59.03 
54  61 
40.68 
62.57 

45  92 
40.97 
45.39 
69.32 
37.43 

1.17 
1.44 
1.20 
0.68 
1.66 

20.              "                      "                   "               "  

'   21.  Wilson's  Shipping  Point,          "               "  

,   23.  Bryan's  Bank,            "                  "               "  

No.  1  is  of  the  AVashington  Bed. 
"    2  is  of  the  Waynesburg  Bed. 
"    3  to  9  inclusive  is  of  the  Pittsburgh  Bed. 
"     10  to  16  inclusive  is  of  the  Pittsburgh  Bed  in  Ohio. 
"     17  to  21  inclusive  is  o(  the  Upper  Freeport  Bed  in  Pen 
"    22  and  23  are  of  the  "  Ship  Coal." 


nsylvania. 


On  comparing  the  first  two  tables  it  will  be  observed  that  Rogers 
has  slighted  his  own  general  classification  in  the  examples  he  fur- 
nishes of  its  various  members,  for  if  a  semi-anthracite  be  characterized 
by  a  greater  percentage  of  volatile  combustible  matter  than  a  hard 
dry  anthracite,  then  Nos.  1,  3,  4,  5,  and  6  of  Table  II,  do  not  belong 
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there,  since  No.  16,  Table  I,  has  a  higher  percentage  of  volatile  com- 
bustible matter  than  any  of  them,  according  to  his  own  tables. 

But  it  is  not  in  examples  of  this  kind,  where  superior  coals  have 
been  selected  and  submitted  to  analysis,  that  the  urgency  of  a  better 
basis  on  which  to  arrange  them,  become-s  most  apparent.  It  matters 
not  wiiether  the  article  for  which  a  place  in  the  category  is  sought  be 
a  commercial  commodity  or  not,  its  relation  to  the  purer  varieties  of 
its  own  kind  should  be  plain.  An  example  will  suffice  to  illustrate 
this. 

A  recent  examination  of  the  carbonaceous  slates,  known  as  the 
Hudson  River  group,  and  which  form  extensive  terraces  along  the 
flank  of  the  North  or  Kittatinny  Mountain  in  this  State,  rendered  it 
interesting  to  ascertain  the  quantity  of  carbon  present  in  those  slates, 
and  also  its  nature.  These  slates,  hundreds  of  meters  below  the  true 
carboniferous  strata  and  the  carbon  associated  with  them,  with  the 
underlying  lower  Silurian  limestone,  and  with  the  still  lower  Hu- 
ronian  or  Laurentian  rocks,  have  generally  been  considered  to  be 
graphitic,  or  at  the  least  anthracitic. 

Analysis,  however,  proved  that  these  black  strata  contain  about  3 
per  cent,  of  volatile  combustible  matter,  5  per  cent,  of  fixed  carbon, 
and  92  per  cent,  of  impurities.  If  we  neglect  the  latter  the  slate 
will  by  reason  of  its  percentage  of  volatile  hydrocarbons  come  under 
the  head  of  the  hard  anthracites,  whereas  from  the  point  of  view 
above  maintained  the  carbonaceous  matter  will  be  found  to  have  the 
surprisingly  high  bituminous  character  of  C  62.5,  Vol.  H-C.  37.5,  a 
percentage  hardly  averaged  by  our  best  gas  coals. 

If  it  be  true  that  a  coal  bed  in  its  several  parts,  having  been  de- 
rived from  mainly  the  same  kind  of  vegetation  (witiiin  reasonable 
limits  of  space)  and  being  subjected  to  the  same  physical  treatment 
within  these  limits,  preserves  a  uniformity  of  composition  in  the 
j)roduct  of  that  vegetation,  some  such  method  as  this  for  withdraw- 
ing the  accidents  of  the  problem  would  seem  to  be  an  important 
means  of  identif}'ing  the  same  bed.  For  though  the  woody  fibre 
may  change  into  coal  at  the  same  rate  in  all  parts  of  the  same  bed, 
the  resulting  coal  will  not  be  the  same  according  to  the  presentation 
of  it  by  the  ordinary  method  of  proximate  analysis,  unless  the 
pressure  and  the  resulting  structure  of  the  mass  are  the  same;  unless 
the  waters  and  the  infiltrating  salts  are  the  same  in  amount  and  kind; 
uidcss,  in  fact,  all  the  accidents  of  a  coal  bed  become  essentials,  which 
they  never  can  do. 

The  argument  of  basino;  the  definition  of  coals  on  the  ratio  between 
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their  percentages  of  fixed  carbon  and  volatile  hydrocarbons,  is  founded 
upon  the  assumption  that  all  other  constituents  than  those  of  the  fuel, 
i.  e.,  carbon  and  hydrocarbons,  are  adventitious  and  accidental,  and 
liable  to  be  influenced  by  causes  operating  after  tlie  extraction  'of  the 
coal  from  the  mine.  It  is  true  that  the  coal  plants  themselves  proba- 
bly contained  in  their  tissues  silica,  sulphur,  water,  etc.,  and  may  have 
contributed  in  some  cases  the  larger  portion  of  these  substances  which 
are  found  in  the  coal,  but  this  does  not  alter  the  value  of  the  method 
proposed.  Each  kind  of  vegetation,  no  doubt,  produced  its  own  kind 
of  coal;  but,  over  wide  tracts,  the  resulting  mass,  from  similar  con- 
ditions of  overflowing,  imbedding,  pressure,  and  heat,  would  be  prac- 
tically the  same  in  the  large,  while  individual  differences  might  be 
found  in  every  inine  (notably  where  a  horse,  a  slate-parting,  and 
the  like  occurs). 

But  there  is  an  essential  difference  in  the  result  between  two  dis- 
tinct causes  of  variation,  i.  e.  (1),  variation  in  the  nature  of  the  plant 
(2),  variation  in  the  mechanical  treatment  to  which  the  coal  has  been 
subjected.  In  the  former  case,  the  coal  is  a  different  coal ;  in  tlie  latter, 
a  more  impure  variety  of  the  same  coal,  as  a  deduction  of  its  me- 
chanical impurities  and  its  fuel  ratio  will  demonstrate. 

If  these  tables  liere  given  may  be  taken  as  proper  bases  of  the  clas- 
sification which  essays  to  represent  them,  the  definitions  of  these 
classes  would  be  as  follows : 

An  anthracite  coal  is  one  in  which  the  ratio  of  fixed  carbon  to  vol- 
atile (combustible)  matter  may  vary  between  the  proportions  99  C : 
1  V.  H-C  (theoretically,  of  course,  100  :  0),  and  89  C:  11  V.  H-C. 

A  semi-anthracite  is  a  coal  in  which  the  ratio  of  the  fixed  carbon 
to  the  volatile  combustible  matter  may  vary  between  the  proportions 
93  C :  7  V.  H-C,  and  84  C  :  16  V.  H-C. 

The  semi-bituminous  coals  are  those  in  which  this  proportion  varies 
between  84  C  :  16  V.  H-C.  and  81  C  :  19  A^.  H-C. 

The  bituminous  coals  are  those  in  ^vhich  the  proportion  may  vary 
between  80  C  :  20  V.  H-C.  and  47  C  :  53  V.  H.-C.     To  recapitulate : 

Table  XIX. 

Kind  of  Co.ils.  Between  proportions. 

C      V.  H-C.        C     v.  H-C. 

.     Anthracite, 99  :     1  89  :   11 

Semi-anthracite, 93  :     7  84  :   16 

Senii-bituniinoiis,   .         .  .         .         .         .     84  :   10  81  :   19 

Bilinuinous, 80  :  20  47  :  53 

On  viewing  this  last  small  table,  it  will  be  at  once  seen  that  the 
VOL.  VI. — 29 
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classes  overlap  each  other,  and  one  is  compelled  to  suppose  that  the 
coals  which  thus  intrude  on  each  other  have  some  physical  peculiari- 
ties which  ally  them  to  the  class  into  which  they  come  and  separate 
them  from  the  other.  It  will  be  in  vain  that  we  look  for  such  dis- 
tinguishing features,  however,  and  the  whole  truth  is,  that  the  defini- 
tion is  based  partly  upon  geographical  and  partly  upon  chemical  char- 
acteristics. It  is  a  repetition  of  the  old  difficulty  experienced  by 
mineralogists  of  defining  classes  by  other  than  strict  chemical  char- 
acters. 

So  long  as  no  third  term  (t.  e.  percentage  of  water)  is  employed, 
the  general  results  of  tliese  tables  permit  a  very  simple  expression  on 
Professor  Johnson's  plan  of  fuel  ratios.  As  a  result  of  the  digestion 
of  all  the  above  tables,  we  have,  from  experiment  : 


Hard  dry  anthracite, 
Semi-anthracite, 
Semi-bituminous,    . 
Bituminous,    . 


V.  H-C. 

67.02 

to 

8.(34 

12.75 

to 

5.41 

11.41 

to 

4.-52 

3.93 

to 

0.G8 

(Theoretically,  of  course,  the  first  term  of  the  left-hand  column 
would  be  100,  and  the  last  term  of  the  right-hand  column,  0.) 

In  Rogers's  system,  the  greatest  confusion  will  be  found  to  exist 
in  the  semis,  a  term  Avhich  of  itself  implies  a  subordinate  value  in  the 
system.  First  the  semi- anthracite  encroaches  upon  the  anthracite  to 
the  extent  of  50  per  cent,  of  its  entire  range. 

But  worse  than  this,  the  semi-bituminous  covers  the  whole  space 
assigned  to  the  semi-antliracite,  and  actually  encroaclies  upon  the 
"  hard-dry  anthracite/'  about  40  per  cent,  of  its  entire  range. 

Such  a  state  of  our  nomenclature  cannot  but  interfere  with  that 
most  desirable  of  all  aids  in  the  investigation  of  truth,  a  distinct  and 
sharp  definition  of  terms. 

Would  it  not  be  as  well  to  assign  their  places  to  these  coals  by  fuel 
ratios,  thus  avoiding  the  perplexing  variations  of  impurities,  some- 
what as  follows : 

c 
c.  u-v. 

Hard-dry  anththracite,  .         .....  100  to  12 

Semi-anlliracite,     .......     12  to  8 

Semi-bituminous,    .......       8  to  5 

Bituminous,    ........       5  to  0 

It  is  true  that  the  same  objection  might  be  found  to  this  which 
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was  raised  against  the  new  iron  nomenclature :  that  persons  wlio  had 
jn-evionsly  been  selling  coal,  varying  from  12  to  8  vnj:^  as  anthra- 
cite, would  resent  the  prefix  of  semi.  But  if,  in  the  rectification  of 
our  boundary  line,  our  neighbor's  well  is  found  on  our  land,  it  may 
be  sad  for  him,  but  it  is  nevertheless  an  unalterable  fact. 

It  should  be  remarked,  in  conclusion,  that  so  long  as  this  point  of 
view  is  selected  for  viewing  coals,  it  is  indifferent  whether  the  per 
cent,  of  C,  or  the  per  cent,  of  Y.  H-C,  or  the  quotient  of  one  divided 
by  the  other,  be  selected  as  the  best  means  of  classification,  since  one 
of  the  first  two  data  being  given,  the  other  two  can  be  calculated  ; 
but  this  is  a  very  different  thing  from  basing  the  classification  upon 
the  percentage  of  C  or  V.  H-C,  when  the  comparison  of  their  sum 
with  the  impurities  is  neglected. 


NOTE  ON  THE  MANUFACTUBE  OF  FEBEOMANGANESE  IN 
THE  BLAST  FUBNACE. 

BY  F.    VALTOX,  PARIS,   FRANCE. 

(Eead  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

In  the  number  of  the  Engineering  and  Mining  Journal  for  April 
7th,  1877,  Mr.  W.  P.  Ward,  of  Cartersville,  Georgia,  explains  in  a 
very  interesting  manner,  the  results  he  obtained  in  the  manufacture 
of  ferromanganese  in  the  blast  furnace.  These  results  may  be  sum- 
med up  as  follows  : 

Production  in  the  blast  furnace  of  an  alloy  containing  67.2  per 
cent,  manganese  and  3  per  cent,  of  carbon  at  most,  with  a  utili- 
zation of  the  manganese  amounting  to  58  per  cent. 

With  the  exception  of  the  indicated  proportion  of  carbon,  which 
should  be  almost  doubled  to  express  the  true  state  of  facts,  we  would 
have  had  no  observations  to  make  on  Mr.  Ward's  paper  had  he 
taken  into  account  the  results  obtained  in  the  same  line  in  other 
centres  of  production. 

Before  1870,  spiegel  with  8  or  10  per  cent,  manganese  only  was 
known  among  blast-furnace  products.  In  a  journey  to  Sweden,  in 
1871, 1  ascertained  that  the  Schysshyttan  works  manufactured  regu- 
lai'ly  a  spiegel  with  18  per  cent,  manganese.  Later,  at  the  Vieima 
Exhibition,  in  1873,  the  Sava  and  Jauerburg  works,  in  Carniola, 
presented  to  the  jury  a  ferromanganese,  obtained  in  the  blast  fur- 
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naee,  having  33  per  cent,  manganese.  I  say  ferromanganese  pur- 
posely, because  above  25  per  cent,  this  alloy  should  change  its 
name;  the  properties  of  iron  are  then  so  much  concealed  that  the 
magnet  has  no  longer  any  power.  These  works  have  improved  their 
manufacture  and  reached  45  per  cent. 

About  1875,  several  French  works  tried  the  manufacture  of  ferro- 
manganese  in  the  blast  furnace,  and  fully  succeeded.  It  must  not 
be  forgotten  that  at  the  Philadelphia  Exhibition,  there  was  some  60 
per  cent,  blast-furnace  ferromanganese  made  by  the  St.  Louis  works 
of  Marseilles.  The  Terrenoire  Company  had  even  sent  an  alloy 
with  75  per  cent,  of  manganese  made  in  the  same  way.  We  will 
add  that  in  this  last  case  the  utilization  of  the  manganese  employed 
amounted  to  70  per  cent,  in  a  product  made  regularly  and  truly 
commercially. 


CAN  WE   TRANSMIT  POWER  IN  LARGE  AMOUNT  BY 
ELECTRICITY? 

BY   N.    S.    KEITH,    NEW   YORK   CITY. 
(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

This  question  is  suggested  by  a  statement  made  by  Dr.  Siemens, 
widely  printed  in  the  journals  of  the  day,  that  a  continuous  rod  of 
copper,  thirty  miles  in  length  and  three  inches  in  diameter,  is  capa- 
ble of  conveying  that  distance,  electrically,  energy  equal  to  1000 
horse-power.  It  is  not  attempted  to  advance  the  statement  that  the 
source  of  power  shall  be  zinc,  nor  even  coal,  but  waterfalls,  which 
from  their  situation  are  not  practically  available  for  manufacturing 
establishments  in  their  immediate  vicinity. 

In  order  to  fully  consider  this  subject,  we  must  understand  the 
doctrine,  I  may  say  the  science,  of  the  correlation  of  the  forces,  so 
called.  We  must  understand  that  all  matter  is  endowed  with  an 
amount  o^  force,  and  that  each  atom  and  molecule,  simple  and  com- 
pound, has  its  specific  portion  of  the  whole.  This  force,  at  rest,  is 
called  latent  heat,  intrinsic  energy,  or  potential.  In  motion  it  is 
called  heat,  light,  electricity,  chemical  affinity,  attraction,  magnetism, 
power,  etc.,  according  to  its  sensible  manifestations.  These  are  the 
effects  of  the  one  force  active  in  different  substances,  or  in  different 
assemblages  of  matter.  Force  put  in  motion  comes  to  rest  by  reason 
of  the  resistance    to    motion   which  it  encounters;    in  overcoming 
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resistance  the  manifestation  is  sensible  lieat.  Each  of  these  man- 
ifestations of  force  is  convertible  to  one  or  all  of  the  others,  and  they 
are  all  caused  by  some  mode  of  motion.  Force  may  be  illustrated 
by  a  spring  under  tension,  or  by  a  suspended  weight.  Release  the 
spring  and  weight,  and  they  give  off  as  much  force  or  energy  as  was 
used  in  setting  up  the  tension  of  the  spring,  and  in  raising  the  weight 
perpendicularly  the  length  of  its  fall.  Any  of  these  forces  then  may, 
figuratively  speaking,  release  the  weight  and  spring. 

While  there  is  but  one  electricity,  there  are  two  conditions  of  it, 
namely,  static,  which  is  electricity  at  rest  but  under  high  tension,  and 
voltaic  electricity  or  galvanism,  which  is  a  mode  of  motion.  It  has 
but  one  cause,  and  that  is  active  force,  or  matter  in  motion.  Yet  we, 
for  perspicuity,  call  electricity  by  friction,  static  or  frictional;  elec- 
tricity by  chemical  affinity,  chemical,  from  its  immediate  cause,  or 
voltaic  ov  galranic,  from  its  discoverers;  electricity  by  magnetism, 
magnetic;  electricity  by  heat,  thermic;  electricity  by  mechanical 
power,  chpiamic. 

Since  chemical  and  thermic  electricity  have  too  costly  sources  for 
our  purpose,  we  must  consider  the  magnetic  and  dynamic. 

Now  that  we  have  learned  what  electricity  is,  we  must  understand 
what  it  is  not.  As  an  entity  it  does  not  exist;  it  is  a  signification 
simply.  When  we  comprehend  it  as  a  condition  or  quality  of  matter 
in  self-containing  motion,  not  as  a  current  or  flow  of  something- 
through  matter,  we  will  be  able  to  deduce  facts  in  the  science,  and 
sustain  them  by  practical  illustration.  The  first  conception  by  the 
mind  of  a  force  or  motion  having  its  source  within  a  circuit,  and 
manifesting  itself  at  all  parts  thereof,  is  that  of  a  current  or  flow  of 
something.  The  probability  is,  electric  current  is  molecular  change 
of  form  caused  by  tension  upon  the  atoms  composing  the  molecules 
in  the  direction  of  disrupting  them.  There  is  certainly  a  change  of 
dimensions  of  matter  subjected  to  electricity,  as  there  is  with  heat 
and  magnetism.  This  change  of  form  causes  friction  of  adjacent 
molecules  and  its  resultant  heat.  This  heat  is  the  exact  equivalent 
of  the  energy  causing  the  electric  current.  Energy,  when  used  as 
electricity,  is  called  electromotive  force;  this  varies  in  degree  with  its 
tension,  as  in  case  of  its  illustration  by  a  weight  in  suspension,  or 
by  a  spring.  Some  use  the  term  intensity  to  express  the  same.  The 
tension  of  a  spring  may  illustrate  the  electromotive  force  of  static 
electricity,  which  imparts  its  charged  energy  with  a  single  impulse. 
A  suspended  weight  released  increases  its  speed  each  foot  of  fall,  and 
consequently  its  force  and  effective  quantity.     So  with  voltaic  elec- 
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tricity :  each  cell  in  circuit  increases  the  speed  and  quantity  of  cur- 
rent. In  case  of  dynamic  electricity,  each  increment  of  circuit  re- 
ceiving electric  impulse  adds  to  speed  and  quantity  of  current. 

All  matter  offers  an  amount  of  resistance  to  changes  of  form  or 
arrangement  of  molecules,  whether  by  heat,  electricity,  magnetism, 
or  any  other  of  the  forces.  This  resistance  is  specific  for  each  sub- 
stance. The  specific  resistances  opposed  to  electromotive  force  have 
been  tabulated  relatively  in  the  cases  of  metalscommon  in  the  arts, and 
M'ith  the  important  alloys.  The  metals  are  the  best  conductors,  or, 
in  other  words,  offer  the  least  resistance.  Then  follow  solutions  of 
binary  salts,  other  liquids,  et  sequentia.  Copper  and  silver  offer  the 
least  resistance,  are  relatively  alike,  and  are  graded  as  1  in  scale  of 
resistances.  Iron  offers  nearly  six  times  the  resistance  of  copper, 
and  is  graded  5.95.  Heat  increases  the  resistance  of  metals  to  the 
extent  of  about  0.2  of  1  per  cent,  for  each  degree  Fahrenheit  rise 
in  temperature. 

Electricians  have  a  formula  which  sets  forth  Ohm's  law.  This  is 
that  the  current  (sometimes  called  quantity)  of  electricity  is  the  re- 
sult obtained  by  dividing  electromotive  force  by  resistance;  thus, 

The  unit  of  electromotive  force  is  called  a  volt,  in  commemoration 
of  Volta,  the  inventor  of  the  voltaic  pile.  It  is  very  nearly  repre- 
sented by  the  electromotive  force,  or  energy,  or  intensity  of  a  Daniell 
cell.  The  unit  of  resistance  is  called  an  ohm,  after  Ohm,  who  laid 
down  the  law.  A  wire  of  pure  copper,  6046.5  feet  in  length,  and  ^ 
inch  in  diameter,  has  a  resistance  of  one  ohm.  The  unit  of  a  cur- 
rent or  quality  is  called  a  iceber,  or  vcber,  after  Weber,  another  in- 
vestigator in  the  line. 

A  weber  of  current  represents  the  energy  set  free  by  the  combus- 
tion of  11  grains  of  carbon,  or  11  grains,  about,  of  coal,  or  1  grain 
of  hydrogen,  with  a  development  of  6  units  of  heat  in  6338  seconds. 
That  amount  of  free  or  sensible  heat  is  set  free  in  the  circuit.  Thus, 
one  volt  of  electromotive  force  forces  one  weber  of  electric  current 
through  a  circuit  of  one  ohm  resistance,  requiring  to  do  so  4673  foot 
pounds  of  energy,  with  a  development  of  6  units  of  heat  in  the 
circuit  in  6338  seconds.  The  heat  set  free  is  the  exact  measure  of 
the  force  used. 

If  we  pass  this  weber  of  current  through  a  solution  of  copper  sul- 
phate, the  electric  equivalent  amount  of  metallic  copper  will  be 
deposited,  namely,  31.75  grains   in   the  same   time.      Now,  if  we 
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increase  electromotive  force  by  adding  another  cell  in  the  circuit, 
making  electromotive  force  2,  and  so  regulate  resistance  that  it 
remains  one  ohm,  a  current  of  2  webers  passes  in  the  same  time, 

thus:    ^j^    =2C. 

Now  we  find  that  twice  as  much  zinc  is  consumed  in  each  cell, 
or  four  times  as  much  in  the  circuit,  or  its  equivalent  in  energy  is 
used  in  depositing  only  twice  as  much  copper.  We  have  in  the  cir- 
cuit four  times  as  much  heat,  which  is  the  measure  of  the  energy 
expended.  Chemical  decomposition  is  the  measure  of  current,  while 
heat  is  the  measure  of  electromotive  force  multiplied  by  current. 
Increase  electromotive  force  to  3,  keep  resistance  1,  and  we  have 
current  of  3,  and  nine  times  the  energy  expended,  resulting  in  nine 
times  the  heat. 

It  is  now  to  be  seen  that  by  increasing  definitely  the  amount  of 
electromotive  force,  and  at  the  same  time  keeping  resistance  as  low 
as  possible,  we  may  use  a  definite  amount  of  energy,  and  distribute 
it  as  heat  throughout  the  circuit  in  proportion  to  the  special  resist- 
ance of  its  parts,  and  utilize  it  as  mechanical  power.  The  object  of 
increasing  E  at  the  expense  of  C  is  that  we  may  save  in  weight  of 
copper  constituting  the  conductors.  We  get  the  energy  distributed 
throughout  the  circuit,  though  but  the  square  root  of  it  is  shown  in 
chemical  action  when  measured  by  the  amount  of  copper  or  other 
metal  deposited  in  a  single  depositing  cell. 

If  we  magnetize  a  core  of  soft,  non-carburized  iron,  within  a  coil 
of  copper  wire,  by  bringing  it  into  the  magnetic  field  of  an  electro 
or  a  permanent  magnet,  at  the  instant  of  stoppage  of  motion,  a  cur- 
rent of  electricity  will  start  in  the  coil  in  one  direction  ;  that  is,  the 
molecules  composing  the  circuit  will  turn  in  one  direction,  and  then 
the  action  ceases.  Remove  the  core  and  coil,  a  reverse  1  current 
starts  and  continues  as  long  as  motion  lasts  in  rernoviuo^  tiiera  from 
the  field.  If  we  revolve  this  arrangement  between  the  poles  of  a 
magnet,  thus  alternately  magnetizing  and  demagnetizing  the  core, 
we  will  get  a  succession  of  discharges  of  magnetism  through  the 
copper  coil  utilized  as  electricity.  While  the  core  is  acquiring  mag- 
netism there  is  no  current  in  the  coil,  as  there  is  no  magnetic  re- 
sistance to  motion  which  requires  force  to  overcome.  As  soon  as  it 
begins  to  lose  magnetism  an  electric  current  is  induced  in  the  coil, 
which  we  may  cause  to  do  work  by  proper  mechanical  appliances. 

We  will  find  that  the  coil  and  core  are  heated,  and  the  amount  of 
heat  is  the  measure  of  the  mechanical  force  used,  less  that  due  to 
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friction  of  tlie  journals  carrying  the  arrangement.  If  the  coil  com- 
pletes the  electric  circuit  within  itself,  so  that  there  is  no  external 
resistance,  then  the  total  heat  will  be  developed  therein.  If  the  cir- 
cuit is  made  complete  by  a  conductor,  then  the  heat  will  be  divided 
between  the  coil  and  conductor  in  proportion  to  their  respective  re- 
sistances. If  this  conductor  be  the  coils  of  an  electro-motor,  the  heat 
due  to  it  can  be  utilized  as  work,  less  loss  by  conversion. 

We  have  now  the  general  requirement  laid  down,  so  we  will  proceed 
to  plan  and  construct  a  theoretical  machine  to  suit  the  requirements 
of  1000  horse-power,  to  be  transmitted,  if  possible,  through  a  rod  of 
copper,  thirty  miles  in  length  and  three  inches  in  diameter.  As  re- 
sistance of  wire  of  same  diameter  is  in  direct  proportion  to  its  length, 
and  as  we  have  seen  that  6046.5  feet  of  copper  wire,  one-quarter 
inch  in  diameter,  has  a  resistance  of  1  ohm,  so  30  miles,  or  158,400 
feet  of  one-quarter  inch  wire,  has  26  ohms  resistance.  But,  as  it 
also  decreases  in  proportion  to  the  square  of  the  diameters,  we  figure 
in  the  three-inch  rod  a  resistance  of  .18  ohm,  if  of  pure  copper,  at  a 
temperature  of  60°  Fahr. 

The  energy  of  1000  horse-power  is  measured  at  33,000,000  foot- 
pounds ])er  n)inute,  and  that  of  one  weber  current  equals  4673  foot- 
pounds in  6338  seconds,  or  44.24  foot-pounds  per  minute.  So  it 
will  require  746,000  webers  current,  or  their  equivalent  in  energy, 
to  utilize  1000  horse- power  as  electricity  for  dynamic  purposes. 

We  may,  therefore,  use  electromotive  force  of  1000  volts,  resist- 
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ance  of  1.34  ohms,  and  a  current  of  746  webers;  thus  ji^j^  =746  C. 

In  other  words,  the  dynamic  equivalent  of  746,000  webers  may  be 
had  by  multiplying  the  electromotive  force  1000  by  the  current 
746. 

It  has  been  found  that  a  discharge  of  the  magnetism  of  a  soft  iron 
core  induces  a  current  in  the  coil  surrounding  it,  possessing  electro- 
motive force  of  one  volt  for  about  each  twenty-five  feet  of  coil.  The 
quantity  or  current  comes  from  the  strength  of  the  magnetism  and 
number  of  discharges.  For  1000  volts  electromotive  force  we  will  take 
25,000  feet  in  length  of  copper  wire  or  strips,  weighing  1.2  pounds 
per  foot  length,  or  in  all  30,000  pounds.  This  will  have  a  resist- 
ance of  ,66  ohm.  It  should  be  wound  upon  a  core  of  iron  weighing 
10,000  pounds.  This  core  and  coil,  constituting  what  is  called  an 
armature,  must  be  revolved  between  the  poles  of  an  electro-magnet 
having  such  an  attraction  for  the  armature  as  to  call  for  the  expen- 
diture of  1000  horse-power  in  revolving  it.     Such  a  magnet  will 
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weigh,  probably,  60,000  pounds,  and  have  a  like  weight  of  copper 
in  its  coils.  It  should  be  excited  or  magnetized  by  a  smaller  arma- 
ture revolved  between  the  poles  of  a  smaller  magnet,  with  an  expen- 
diture of,  say,  100  horse-power.  This  is  necessary,  because,  if  the 
coil  of  the  magnet  is  part  of  the  main  circuit,  the  resistance  will  be 
much  increased. 

The  electromotor  receiving  the  current  of  electricity  must  have 
at  least  the  same  length  of  copper  in  its  coils ;  and  as  the  resistance 
of  the  coils  (when  the  machine  in  motion  is  exerting  its  greatest 
power)  is  double  that  which  they  have  at  rest,  and  as  it  is  necessary 
from  our  other  fixed  resistances  to  make  the  resistance  of  the 
machine  .50  ohm,  we  make  the  weight  of  copper  coils  per  foot  3.17 
pounds,  a  total  of  79,200  pounds,  with  a  weight  of  iron  about  70,000 
pounds. 

The  cost  of  this  apparatus  will  be  as  follows : 

Exciting  magnet  and  armature  :.......  $3,500 

Large  magnet,  60,000  lb.  iron,  including  work  thereon,  10c.  per  lb.,  6,000 

60,000  lb.  copper,  30c.  per  lb., 18,000 

Armature:   10,000  lb.  iron,  and  work  thereon,  10c.  per  lb.,      .         .  1,000 

3,000  lb.  copper,  30c.  per  lb., 9,000 

Brass  bearings,  brushes,  etc.,      ........  2,500 

Total  for  machine, $40,000 

Conductor  :   158,4'!0  feet  copper  rod  at  27i  lb  per  foot,  4,350,000  lb., 

30  cents, $1,306,800 

Ground  plates  and  connections,     .....  5,000 

Insulation,  etc.,  indefinite,  s-ny,     .....  100,000 

Total  for  conductor, $1,411,800 

Motor:  Iron  and  work,  70,000  lb  ,  10c. , $7,000 

Copper,  79,000  lb.,  30c., 23,700 

Brass,  brushes,  etc.,      .          .......  2,500 

Total  for  motor, $33,200 

The  energy  of  1000  horse-power  expended  on  the  machine  gen- 
erating the  electric  current  is  distributed  throughout  the  circuit  in 
proportion  to  the  special  resistances  of  the  several  parts.  The  arma- 
ture, having  a  resistance  of  .66  ohm,  absorbs  66-134  or  492.5  horse- 
power ;  the  conductor  18-134  or  134.3  horse-power ;  the  motor  50-134 
or  373.2  horse-power.  This  last  amount  is  all  that  can  be  utilized 
with  this  arrangement,  even  if  there  is  no  loss.  We  may  make  our 
electric  machine  and  the  motor  larger,  or  place  two  of  them,  making 
the  resistances  of  them  one-half  as  much,  but  not  with  any  increase 
of  utilizable  power,  as  the  resistance  of  the  conductor  remains  the 
same. 
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Let  us  consider  a  resistance  of  .33  ohm  for  machine,  .18  ohm  for 
conrluctor,  and  .25  ohm  for  motor,  and  we  have  33-76  or  434  horse- 
power for  machine,  18-76  or  237  horse-power  for  conductor,  and 
25-76  or  329  horse-power  for  motor.  This  is  less  available  power 
than  before.  The  resistance  of  the  earth  returning:  the  current  we 
may  count  as  nothing.  Under  no  circumstances  can  we  utilize  the 
full  power  expended. 

If  we  decrease  the  resistance  of  the  machine  to  .33  ohm,  and  in- 
crease that  of  the  motor  to  .83,  keeping  total  resistance  the  same, 
we  will  gain.  Then  the  machine  will  absorb  33-134  or  246.2 
horse-power;  the  conductor  18-184  or  134.8  horse-power;  and  the 
motor  619.5  horse-power.  With  a  larger  conductor  or  shorter  dis- 
tance, this  proportion  may  be  increased. 

There  are  various  sources  of  loss,  especially  M^ith  electricity  of 
such  electromotive  force  and  tension.  I  have  no  doubt  that  at  least 
50  per  cent,  of  the  energy  expended  on  a  magneto-electric  or  dynamo- 
electric  machine  at  a  waterfall  may  be  used  at  a  distance  by  an 
electro-magnetic  motor  as  mechanical  power. 

The  amount  of  heat  developed  throughout  the  entire  circuit  will 
be  equivalent  to  that  from  the  combustion  of  200  lbs.  of  coal  per 
hour,  or  42.746  heat  units  per  minute.  That  proportion  due  to  the 
armature,  having  resistance  of  .33  ohm,  is  sufficient  to  raise  its 
temperature  one  degree  Centigrade  per  minute.  Of  course,  then, 
some  arrangement  for  cooling  by  water  must  be  applied.  What  the 
effect  of  a  discharge  of  a  portion  even  of  this  current,  with  its  high 
tension,  through  the  body  of  a  man  would  be,  I  leave  you  to 
imaijine. 


COPPEB  BY  ELECTRICITY. 

BY   N.    S.    KEITH,    NEW   YORK   CITY. 
(Read  at  the  Amenia,  Meeting,  October,  1877.) 

Some  time  ago,  a  firm  engaged  largely  in  the  manufacture  of  cop- 
j)er  sulphate,  applied  to  me  for  information  as  to  the  practicability 
of  obtaining  the  copper  from  their  mother  liquors  by  means  of  elec- 
tricity ;  having  reference,  more  especially,  to  obtaining  the  electric 
current  from  some  magneto-electric  or  dynamo-electric  machine. 

The  mother  liquors  were  the  result  of  several  solutions  of  com- 
mercial scrap  copper,  containing  impurities,  the  quantity  of  which 
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in  the  liquors  had  increased  by  the  operations  until  too  large  to 
allow  the  formation  of  pure,  or  even  merchantable  copper  sulphate. 
There  were  silver,  nickel,  tin,  zinc,  antimony,  and  iron  sulphates  in 
solution,  besides  enough  copper  sulphate  to  represent  4J  per  cent,  of 
the  total  weight  of  solution  as  metallic  copper.  The  question  was: 
"  Can  we  obtain  this  copper  in  a  cheap,  practicable,  and  expeditious 
way  by  the  agency  of  electricity  ?" 

They  had  tried  experiments  so  far  as  to  determine  to  their  own 
satisfaction  the  previously  known  fact,  that  the  copper  could  be  de- 
posited by  electricity ;  requiring,  however,  to  do  so,  three  cells  of  a 
gravity  battery,  say  an  electromotive  force  of  three  volts.  A  less 
electromotive  force  would  not  accomplish  it. 

Knowing,  then,  this  fact,  it  was  necessary  to  employ  a  machine  to 
produce  electricity  of  at  least  that  amount  of  electromotive  force,  and 
of  a  size  to  offer  a  small  resistance  to  the  electric  current  generated, 
and  depositing  vessels  large  enough  to  accommodate  the  amount  of 
liquor,  and  large  enough  electrodes  to  make  the  resistance  low;  so 
that  the  combined  resistances  of  machine,  conductors,  electrodes,  and 
liquors  were  low  enough  to  allow  sufficient  current  to  flow,  all  in 
obedience  to  Ohm's  law,  which  is  formulated  thus  : 

Electromotive  force        ^ 

n — -. =  Current. 

Kesistaiice 

Further,  electrotypers  carry  on  their  art  of  depositing  copper  elec- 
trically by  the  use  of  batteries  having,  say,  half  a  volt  electromotive 
force.  AVhy,  then,  is  it  necessary  to  use  three  volts — nearly  six  times 
as  much,  to  deposit  copper  in  this  case? 

Electrotypers  use  a  copper  anode  which  is  dissolved,  and  by  its 
solution  as  much  force  is  set  free  in  the  electric  circuit  as  is  absorbed 
by  the  deposition  of  a  like  amount  of  copper  on  the  cathode.  So, 
as  no  force  is  set  up  against  the  electric  force,  the  weakest  battery  is 
capable  of  depositing  some  copper.  The  practical  point  with  the 
electrotyper  is  a  speed  of  deposit  which  gives  him  a  coherent,  regu- 
line  shell  of  copper  in  the  shortest  possible  time,  with  the  least  ex- 
penditure of  force.  As  that  force  for  his  use  exists  in  zinc  and  acid, 
or  in  the  mechanical  motion  applied  to  a  dynamo-electric  machine, 
he  uses  one  or  the  other,  according  to  the  extent  of  his  information 
or  the  condition  of  his  pocket.  The  machine  would  undoubtedly 
give  him  equal  current  for  less  than  one-tenth  of  the  cost  by  use  of 
zinc  and  sulphuric  acid.  The  consumption  of  an  electric  equivalent 
(65  grains)  of  zinc  in  a  single  Smee  cell,  will  give  a  deposit  in  a 
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copper-depositing  cell,  with  soluble  anocle,  of  an  equivalent  (63.5 
grains)  of  oop|>er.  If  we  substitute  an  insoluble  anode,  to  completely 
deposit  the  copper,  we  must  place  six  Smee  cells  in  series,  in  order 
to  have  an  electromotive  force  at  our  command  of  three  volts; 
consequently  we  will  use  65  grains  of  zinc  in  each  cell,  or  390 
grains  in  all,  to  get  a  deposit  of  63.5  grains  of  copper.  Thus,  325 
grains  of  zinc  are  used  in  decomposing  water,  and  setting  free  oxygen 
as  gas  at  the  insoluble  anode — so  much  energy  lost,  so  far  as  the 
practical  result  is  concerned.  Other  cells,  having  greater  electro- 
motive force,  like  Daniell's,  Grove's,  Bunsen's,  and  the  gravity  bat- 
tery, may  be  used  with  less  waste  of  zinc.  A  single  cell  of  the 
gravity  battery  employed,  would  give  a  deposit  of  copper  to  the 
electrotyper  by  the  expenditure  of  equivalent  of  zinc  for  equivalent 
of  copper. 

The  electromotive  force  of  a  battery-cell  is  the  remainder  after 
subtractinof  the  force  of  the  negative  element  from  the  force  of  the 
positive  element.  Thus  in  a  Daniell  cell  the  force  of  the  union  of 
32.6  grains  of  zinc  with  SO^,  is  10,503  foot  pounds;  from  that  take 
the  force  of  the  union  of  equivalent  copper  with  SO^,  5878  foot 
pounds,  and  we  have  4625  foot  pounds,  available  force  of  a  Daniell 
cell.  Against  that  we  have  no  force  set  up  in  the  electrotyper's  cell, 
since  as  much  force  is  given  by  the  solution  of  copper  as  is  absorbed 
by  its  reduction. 

In  an  arrangement  for  the  complete  deposition  of  copper  from  its 
sulphate  solution,  we  have  a  counter-electromotive  force  equal  to  the 
difference  between  the  forces  of  copper  cathode  and  a  platinum  or 
carbon  anode,  and  the  force  absorbed  by  the  deposited  copper  at  the 
cathode  and  the  liberated  oxygen  at  anode. 

After  these  facts  were  considered,  the  question  of  choice  of  anode 
arose.  If  we  use  a  copper  one,  we  might  go  on  indefinitely  depositing 
copper  without  exhausting  the  solution,  or  liquor ;  if  we  use  an  anode 
of  a  metal  electro-positive  to  copper,  like  zinc  or  iron,  as  soon  as  it 
is  immersed  in  the  solution  it  is  immediately  covered  with  a  fine 
powder  of  metallic  copper  in  the  well-known  way;  so  we  might  as 
well  use  those  metals  directly  without  the  electricity.  If  we  use 
copper  matte  for  an  anode,  we  will  still  be  taking  copper  into  the 
liquor  as  well  as  iron,  etc.  Now  for  the  insoluble  anodes — elements 
electro-negative  to  copper.  Lead  is  cheap,  but  it  soon  covers  with  a 
thin  film  of  insoluble  lead  sulphate,  which  offers  a  great  resistance 
to  the  passage  of  the  current.  Carbon  plates,  made  by  causing  gas- 
coal  graphite  to  cohere,  conduct  the  current  well,  but  under  the  action 
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of  the  strong  electromotive  force,  the  oxygen,  and  SO^,  they  rapidly 
disintegrate.  Phitinuni  seems  to  be  the  only  resource.  But  platinum 
is  expensive,  and  unless  roughened  by  an  electro-deposit  of  more 
platinum  on  its  surface,  offers  great  resistance,  by  reason  of  the  re- 
tention of  oxygen  upon  its  smooth  surface. 

As  it  was  desirable  to  deposit  three  pounds  of  copper  per  hour,  it 
is  necessary  to  use  three  pounds  of  zinc  in  each  of  three  cells,  or  nine 
pounds  in  all,  for  each  three  pounds  of  copper  produced.  This  was 
an  expense  of  $1.12|  per  three  pounds  of  copper,  besides  sulphuric 
acid,  and  labor,  and  waste,  amounting  to  nearly  as  much  more ; 
rolled  zinc  suitable  for  batteries  costing  12|  cents  per  pound.  This 
makes  rather  expensive  copper;  say  60  cents  per  pound. 

The  expense  by  dynamo-electric  machine  was  figured  as  follows : 
Force,  or  energy,  of  9  lb.  zinc,  and  equivalent  of  H^SO^,  less  force  of 
equal  amount  of  copper,  is  9,105,469  foot  pounds  per  hour,  or  about 
4.6  horse  power. 

This  is  the  amount  of  available  force  necessary  under  the  condi- 
tions. A  very  few,  if  any,  dynamo-electric  machines  utilize  more 
than  50  per  cent,  of  the  force  in  foot  pounds  applied  to  them ; 
double  that  number  of  foot  pounds  of  force  must  therefore  be  ap- 
plied, or  18,210,938  foot  pounds  per  hour,  equal  to  9.2  horse  power. 
This,  with  coal,  attendance,  etc.,  from  an  ordinary  steam-engine, 
would  cost  42  cents  per  hour  for  3  lbs.  copper,  or  14  cents  per  pound  ; 
coal  costing  $8  per  ton  in  the  locality. 

I  did  not  deem  it  advisable  to  place  two  or  more  depositing  cells 
in  series,  since  not  only  the  resistance  increased  with  each  addition, 
but  also  the  counter-electromotive  force,  so  that  would  necessitate  a 
change  in  the  construction  of  tiie  machine,  so  as  to  increase  its  elec- 
tromotive force. 

While  canvassing  the  merits  and  demerits  of  iron  as  a  soluble 
anode  for  the  purpose,  I  tried  a  plan  for  the  use  of  iron  in  reducing 
the  copper,  which  proved  very  successful.  After  a  short  considera- 
tion the  question  arose,  Why  use  a  current  of  electricity  when  iron 
alone  is  sufficient  to  reduce  copper  from  the  solution  ?  If  I  apply 
the  current  with  an  iron  anode,  copper  will  still  be  reduced  upon  it 
by  local  action,  and  I  will  have  the  same  fine  powdery  deposit,  the 
same  formation  of  insoluble  basic  salts  of  iron  mixing  with  the  cop- 
per deposit,  and  the  expense  for  producing  the  electric  current.  As 
these  objectionable  results  seemed  to  arise  from  the  direct  contact 
and  association  of  the  iron,  copper,  and  copper  solution,  as  well  as 
the  iron  solution  already  present  and  synthetically  formed,  I  decided 
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to  try  to  separate  them,  and  did  so  by  placing  iron  in  a  less  than  sat- 
urated solution  of  sulphate  of  iron  (free  from  copper),  contained  in 
an  ordinary  porous  cell,  such  as  is  used  in  various  galvanic  batteries. 
This  porous  cell  and  contents  I  placed  in  a  large  vessel  containing 
some  of  the  copper  liquor  and  a  sheet  of  metallic  copper.  I  connected 
the  iron  and  copper,  external  to  the  solutions,  by  means  of  a  clamp, 
and  the  work  commenced.  In  36  hours  the  liquor  was  completely 
freed  from  copper,  which  was  deposited  upon  the  co])per  sheet  as  a 
beautiful  velvet-like  coat,  pure,  regnline,  and  coherent. 

No  formation  of  basic  salt  of  iron  ;  no  copper  powder  ;  none  of  the 
defects  of  the  ordinary  precipitation  of  copper  by  means  of  iron.  The 
expenditure  of  iron  was  but  the  equivalent  for  the  copper  deposited, 
namely,  56  of  iron  for  63.5  of  copper.  All  the  attendance  requisite 
was  for  the  occasional  removal  of  some  of  the  nearly  saturated  solution 
of  iron  from  the  porous  cell,  filling  the  space  made  with  water. 

There  was  then  procured  ten  of  the  largest  porous  cells  obtainable, 
ready  made,  and  set  up  in  series,  that  is,  the  iron  of  one  connected 
with  the  copper  of  the  next  vessel,  and  so  on  through  all,  forming  a 
ring  or  closed  circuit.  The  result  was  the  same,  all  the  copper  depos- 
ited in  36  hours.  Eighteen  large  porous  cells  have  been  made,  meas- 
uring 12  inches  in  diameter  and  32  inches  long,  and  large-sized  oil 
barrels  will  be  used  for  the  vessels  to  contain  the  copper  liquor.  A 
modification  of  this  arrangement  calculated  for  the  continuous  treat- 
ment of  cupriferous  solutions  places  the  vessels  so  that  the  solution 
may  run  from  one  to  another  through  as  many  as  may  be  needed  to 
complete  the  deposition  of  copper.  A  low  percentage  of  copper  in- 
creases the  speed  of  exhaustion.  Scrap  iron  may  be  placed  loosely  in 
the  porous  vessel,  and  may  be  added  from  time  to  time  to  take  the  place 
of  that  which  has  been  dissolved.  It  is  necessary  to  remove  portions 
of  the  solution  of  iron  as  it  approaches  saturation,  in  case  it  be  desir- 
able to  save  that  material,  and  fill  again  with  water,  or  part  can  be 
displaced  by  water, allowing  it  to  overflow  into  the  outer  vessel.  Speed 
of  operation,  as  regards  quantity,  may  be  gained  by  increase  of  size 
and  number  of  vessels. 

In  this  way  any  concern,  whether  producing  a  gallon  of  copper 
solution,  or  thousands  of  gallons  daily,  may  produce  fine,  merchant- 
able copper  by  inexpensive  apparatus  at,  say  one  cent  per  pound,  more 
or  less,  as  scrap  iron  may  be  worth  more  or  less  than  $20  per  ton. 
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J^OTES  ON  FIBE-BBICK  STOVES  FOB  BLAST  FUBNACES. 

BY    JOHN    M.    HARTMAN,    PHILADELPHIA. 
(Read  at  the  Wilkes-Barre  Meeting,  May,  1S77.) 

Two  systems  are  used  for  heating  air  in  blast-furnace  operations ; 

I.  The  double  surface  system,  in  which  a  cast-iron  pipe  is  heated 
on  the  outer  surface,  and,  at  the  same  time,  heats  the  blast  from  its 
inner  surface.  This  is  simple  in  operation  and  gives  a  continuous 
eflPect,  but  is  limited  by  1100°  F.  as  a  maximum  temperature  of  the 
blast. 

II.  The  single  surface  system,  by  which  large  surfaces  of  fire-brick 
are  heated,  and  air  passed  over  the  heated  surface,  absorbing  the  heat 
and  carrying  it  on  to  the  furnace.  This  system  is  more  complex  than 
the  double  surface,  as  it  involves  the  reversing  of  the  air  and  gas 
every  hour  and  a  half. 

The  single  surface  system  has  two  advantages: 

1.  The  blast  can  be  heated  to  a  temperature  of  1800°  F. 

2.  The  stoves  are  indestructible. 

From  recent  experience  it  has  l)een  found  that  1300°  F.  to  1400° 
F.  is  the  best  average  temperature  for  economy  of  coal  for  safe  work- 
ing. This  is  equivalent  to  a  saving  of  1^  to  2  cwt.  of  coal  per  ton 
of  iron  over  the  extreme  limit  of  cast-iron  stoves. 

Independently  of  this,  it  is  a  strong  point  in  favor  of  this  system 
that  the  blast  can  be  raised  to  a  temperature  of  1800°  F.  within  an 
hour  when  the  hearth  is  getting  cold.  All  furnacemen  know  the 
value  of  a  hot  hearth  for  quality  and  quantity  of  iron.  Cooling  of  a 
hearth  occurs  from  leaky  tuyeres,  scafiblds,  or  heavy  burden. 

When  there  is  not  sufficient  coal  at  the  tuyeres  to  seize  on  the  oxy- 
gen of  the  entering  air  and  convert  it  at  once  to  carbonic  oxide,  there 
will  not  be  enough  heat  to  liquefy  the  cinder.  Black  cinder  and 
poor  iron  are  the  results.  The  remedy  is  additional  heat  from  the 
blast.  If  the  stoves  will  give  1800°  in  place  of  1100°,  it  is  obvious 
that  the  furnaces  will  get  around  sooner,  and  without  waiting  for  a 
change  of  burden  at  the  tunnel  head  to  bring  extra  coal  to  the  hearth. 
The  heat  absorption  caused  by  a  leaky  tuyere  will  chill  the  hearth 
and  drive  the  zone  of  fusion  higher  up  in  the  furnace.  This  loss 
must  be  supplied,  and  the  calorics  lost  to  the  hearth  niust  be  regained 
before  good  iron  can  be  made. 

Take  another  case :  A  furnace  carefully  burdened  on  No.  1  iron, 
during  a  spell  of  damp  weather,  goes  on  to  No.  2  or  No.  3.  Heat 
is  lost  to  the  furnace  through  absorption  by  the  moisture,  and  less 
burden  must  be  carried  in  order  to  set  back   on  No.  1.     When  the 
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weather  clears  up,  this  burden  is  too  light,  and,  unless  changed 
promptly,  silicized  iron  is  produced. 

The  difference  between  a  dry  and  wet  day  in  heat  absorption  is 
equivalent  to  two  tons  of  coal  per  day,  when  using  10,000  cubic  feet 
of  air  per  minute.  With  stoves  of  good  capacity  an  additional 
amount  of  air  can  be  poured  into  a  furnace  to  maintain  its  tempera- 
ture and  avoid  change  of  burden  or  grade  of  iron.  In  the  case  of  a 
furnace  working  a  light  burden  and  doing  a  carbon  duty  of  2.3  or 
2.4,  the  difference  above  given  would  not  be  so  appreciable,  as  there 
would  be  a  large  surplus  of  heat  above  actual  requirements;  but, 
when  running  on  a  carbon  duty  of  2.7  to  3,  all  these  small  diflPer- 
ences  must  be  closely  watched,  or  the  running  of  a  furnace  on  light 
burden  in  these  latter  days  will  not  pa3^ 

For  some  years  past  we  have  been  collecting  results  of  brick  stoves, 
and  declining  to  give  up  the  iron  stoves  until  we  could  find  good 
results  from  actual  workings  of  the  brick  stoves  both  at  home  and 
abroad. 

The  Cedar  Point  Iron  Company  have  demonstrated  that  they  can 
save  fuel  by  the  brick  stoves,  and  we  find  the  failure  at  other  places 
is  due  to  the  stoves  being  too  small.  The  superintendent  of  the 
Cedar  Point  works,  with  a  foresight  not  always  found,  put  up  large 
stoves,  and  to  this  is  due  his  success  so  far  as  hot  blast  is  concerned. 
They  use  four  stoves,  22  by  30  feet,  having  a  total  heating  surface  of 
35,200  square  feet.  The  average  temperature  is  1375°  F.,  with  a 
maximum  of  1750°  F.  They  have  four  square  feet  heating  surface 
to  each  cubic  foot  of  air  passing  per  minute,  and  get  a  carbon  duty 
of  3.13  on  a  basis  of  No.  3  iron.  They  change  a  stove  on  the  fur- 
nace every  two  hours.  The  gas  escapes  from  the  stoves  at  a  temper- 
ature of  200°  F. 

At  Rising  Fawn,  Georgia,  with  three  stoves,  18  by  30  feet,  and 
having  17,400  square  feet  of  heating  surface,  they  average  but  1000° 
F.  with  1200°  F.  for  a  maximum  temperature.  They  have  2  square 
feet  surface  for  each  cubic  foot  of  air  passing  per  minute,  and  get  a 
carbon  duty  of  2,35.  The  escaping  gas  goes  off  at  a  temperature  of 
650°  F.,  which  is  a  loss  of  450°  F.  in  the  gas,  and  a  loss  of  375°  F. 
in  the  blast.  They  change  stoves  every  hour.  This  shows  that 
economy  is  only  to  be  obtained  by  using  plenty  of  surface  to  absorb 

heat. 

In  stoves  where  brick  walls  are  used  to  absorb  heat,  the  thickness 
prevents  the  heat  from  the  interior  of  the  walls  becoming  available. 
It  has  been  found  that,  when  using  9-inch  walls,  and  changing  every 
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two  hours,  the  exterior  of  the  walls  would  become  hot  within  three 
hours  or  ^o,  if  the  heat  was  reduced  to  a  minimum  and  the  stoves 
were  shut  up.  Tliis  was  repeated  twice  in  succession.  This  shows 
the  necessity  of  thinner  walls  and  increased  heating  surface,  as  the 
storage  of  the  heat  in  the  interior  of  the  wall  is  not  available  in  the 
time  required  to  lower  the  temperature  to  the  minimum.  The  slow 
conducting  power  of  the  fire-brick  is  the  cause  of  it.  The  valves  of 
the  stove  require  the  attention  of  a  careful  man. 

Where  a  bell  and  hopper  is  used  the  escaping  gas  goes  off  at  so 
low  a  temperature  that  there  is  no  danger  of  harming  the  gas  valve. 
When  the  heating  surface  is  small,  and  the  escaping  gas  goes  off  at 
a  high  temperature,  the  chimney  valve  must  be  cooled  with  water. 
The  hot-blast  valve  is  cooled  either  l)y  water  or  cold  blast.  There 
are  objections  to  the  use  of  water,  as  it  often  causes  explosions  in  case 
of  leakage.  It  is  advi-^^able  to  use  as  few  valves  as  possible,  to  pre- 
vent leakage  and  handling.  The  cleaning  of  the  fire-brick  stoves  is 
no  more  difficult  than  that  of  cast-iron  stoves.  Scraping  the  walls 
and  blowing  off  the  dust  by  blast  are  the  methods  employed. 

After  a  careful  comparison  of  fire-brick  stoves,  we  have  taken  up 
the  Siemens-Cowper-Cochrane  stoves  as  being  the  most  simple  and 
inexpensive  in  construction.  These  are  the  original  Cowper  stoves, 
modified  by  Dr.  Siemens  and  Mr.  Cochrane.  These  patents  cover 
the  use  of  all  fire-brick  stoves.  The  stoves  consist  of  a  wrought-iron 
shell,  lined  with,  say,  18-inch  brick;  inside  of  tlie  shell  is  a  vertical, 
circular  flame  flue,  say  4  feet  in  diameter  by  14  inches  thick.  The 
flame  flue  is  eccentric  to  and  built  against  one  side  of  the  18-inch 
lining.  Around  this  flame  flue  are  built  the  vertical  re<reneratinty 
cells.  They  are  composed  of  split-brick,  1 1  inches  thick  on  the  edge, 
which  leave  a  vertical  opening  of  3f  by  3|  inches  from  top  to  l)ottom. 
This  cellular  arrangement  gives  a  large  surface  of  contact,  while  the 
thinness  of  the  walls  admits  of  the  heat  being  thoroughly  abstracted, 
so  that  there  is  no  waste  storage,  or  heat  stored  that  is  not  available 
in  the  Ih  hours  during  which  a  stove  is  on  the  furnace.  We  propose 
three  stoves,  two  on  gas,  one  on  the  furnace,  and  to  use  5  square  feet 
heating  surface  to  each  cubic  foot  of  air  passing  through  the  stove 
per  minute.  This  will  allow  the  escaping  gas  to  go  ofl'  at  150°  F., 
which  is  important  for  economy,  as  the  gases  are  less  rich  in  carbonic 
oxide  and  less  in  volume  as  the  burden  and  hot  blast  are  increased 
at  the  furnace.  The  })ressure  of  the  blast  at  anthracite  furnaces  is 
double  that  where  coke  is  used,  and  hence  twice  the  gas  will  be  re- 
quired to  generate  steam  for  anthracite  furnaces  as  compared  with 
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coke  furnaces.  This  shows  the  necessity  of  economy  at  every  point. 
When  one  stove  of  u  set,  with  10,000  cubic  feet  capacity  per  minute, 
is  heated  up,  it  contains  127,631,000  F.  calories,  and  the  blast  ab- 
stracts from  it  in  IJ  hours  19,890,000  calories,  or  about  one-sixth  of 
the  total'  amount  of  heat  stored.  The  regenerator  alone  contains 
03,223,200  calories  when  heated  up,  and  not  more  than  one-half  its 
capacity  will  be  exhausted,  when  clean,  to  give  the  blast  the  desired 
temperature.  An  excess  of  capacity  is  required  in  all  stoves  to  allow 
for  dust  and  the  obtaining  of  higher  temperatures  in  case  of  need. 
There  are  but  five  valves  to  operate,  which  is  less  than  are  used  on 
other  stoves.  There  being  but  one  llame  Hue  or  combustion  cham- 
ber, perfect  combustion  is  secured  with  but  one  valve  to  admit  air  in 
place  of  a  greater  number  on  other  stoves.  The  hot-blast  valve  is 
cooled  by  a  small  current  of  cold  air. '  The  absence  of  water  in  all 
of  the  valves  is  a  strong  point  in  their  favor.  By  the  use  of  two 
simple  dust-catchers  in  the  down  flue,  and  by  blowing  through  the 
ovens  once  a  week,  the  Ebbw  Vale  works  found  their  stoves  to  be  as 
efficient  at  the  end  of  two  years  as  when  started. 

Mr.  Cowper  has  found  that  the  vibration  caused  in  the  passing 
current  by  firing  a  common  gun  into  the  stove  while  the  blast  is  on 
is  an  efficient  means  for  cleaning  off  the  dust.  The  most  effectual 
cleaning  is  done  with  a  steel  brush,  weighted  and  attache<l  to  a  small 
wire-rope,  by  dropping  it  down  through  each  hole.  By  attaching 
the  rope  to  proper  pulleys  with  an  index,  the  brush  can  be  worked 
from  the  top  without  going  inside.  The  projection  of  the  brick  in 
the  regenerator  cells  affords  a  good  opportunity  for  the  collection  of 
dust,  and,  as  this  point  is  objected  to  by  the  leading  iron  men  who 
have  examined  the  drawings,  we  propose  bevelling  off  these  corners. 
The  thin  walls  of  the  regenerator  offer  to  the  gas  and  air  five-sixths 
of  their  surface,  while  a  brick  built  in  a  nine-inch  wall  offers  only 
one-sixth  of  its  surface.  It  is  the  dividing  up  of  the  air  by  the  cells, 
bringing  it  into  immediate  contact  with  the  heating  surfaces  that  so 
effectually  heats  the  blast.  By  the  use  of  high  stoves  the  currents 
are  made  more  ra})id,  and  thus  much  dust  deposit  is  prevented. 

No  air-receiver  is  required  where  these  stoves  are  used.  As  a 
variation  occurs  in  temperature,  owing  to  the  changing  of  stoves, 
we  propose  using  an  automatic  valve,  by  which  a  certain  amount  of 
cold  air  will  be  automatically  mixed  with  the  excess  of  hot  air  to 
bring  it  to  the  required  temperature.  By  this  means  the  "excess  of 
heat  is  retained  in  the  stoves,  and  it  acts  over  a  longer  time. 

The  cost  of  these  stoves  complete,  when  No.  1  fire-brick  are  $34 
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per  thousand,  is  about  $3  per  cubic  foot  of  air  required  per  minute, 
and,  if  built  to  run  only  at  1100°  F.,  they  can  be  made  at  the  same 
cost  as  iron  stoves,  and  are  more  durable. 

A  furnace,  when  in  a  good  condition,  will  take  through  per  day 
a  given  number  of  tons  of  material.  By  increasing  the  hot  blast 
coal  can  be  taken  off,  while  ore  and  limestone  to  the  same  extent 
can  be  added.  This  increases  the  yield,  and  decreases  the  amount 
of  coal  used.  If  a  hotter  blast  is  used,  coal  must  be  taken  off  pro- 
portionally, or  it  is  wasted  in  the  zone  of  reduction,  escaping  as  gas, 
and  not  reaching  the  hearth. 

]\f  r.  Cochrane,  of  Dudley,  England,  writes  that,  after  trials  of  from 
nine  to  eleven  months,  he  finds  the  following  results:  "At  a  furnace 
23  by  76  feet,  with  20,000  cubic  feet  capacity,  with  the  blast  at  900° 
F.,  one  ton  of  iron  requires  25|  cwt.  of  coke;  at  1100°  F.,  22i  cwt. 
of  coke;  at  1300°  F.,  20|  cwt. ;  and  at  1500°  F.,  20  cwt.  of  coke; 
and  in  larger  furnaces  they  get  the  consumption  of  coke  even  lower." 
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ACEOSS  NEW  JERSEY,  AND  THE  ADJACENT  PARTS 
OF  NEW   YORK  AND  PENNSYLVANIA. 

BY   PROF.    GEORGE   H.  COOK,    STATE  GEOLOGIST  OF  NEW  JERSEY, 
NEW  BRUNSWICK,  N.  J. 

(Read  at  the  WUkos-B.irie  Meeting,  May,  1877.) 

At  first  sight  this  subject  seems  to  belong  to  pure  theoretical 
geology,  but  examination  will  soon  show  that  it  has  important  prac- 
tical and  economic  interest  to  the  mining  engineer.  The  conclusion 
that  all  the  northern  portions  of  our  country,  as  well  as  of  the  eastern 
continent,  have,  in  the  later  periods  of  geological  history,  been  cov- 
ered v\'ith  a  thick  bed  of  ice,  is  now  accepted  by  geologists.  This 
bed  of  ice,  except  in  its  greater  magnitude,  was  like  the  modern 
glaciers  of  the  Alps,  and  other  mountains  which  extend  above  the 
line  of  perpetual  snow.  The  marks  it  has  left  upon  the  surface  show 
that  it  was  comparatively  thin  on  its  southern  edge,  but  that  its  thick- 
ness was  much  greater  a  little  further  north,  and  that  it  was  several 
thousand  feet  thick  at  its  heaviest  parts.  This  variation  of  its  sur- 
face would  give  it  a  descending  slope  towards  the  south,  and  cause 
the  mass  of  ice,  like  a  semifluid  substance,  to  move  in  that  direction. 
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The  effect  of  such  an  immense  weight  of  ice  moving  over  the  surface 
is  to  produce  the  common  and  well-known  phenonaena  of  glacial 
action,  in  cutting  and  grinding  away  softer  rocks,  leaving  the  harder 
rock,  with  its  worn  and  scored  surface,  underneath.  The  debris  of 
the  worn  rock  became,  as  it  was  carried  forward  by  the  moving 
glacier,  the  boulders,  gravel,  sand,  and  clay,  which  now  cover  so 
much  of  the  surface  of  the  continent  north  of  40°  N.  And  the 
material  which  was  shoved  forward  in  front  of  the  mass  of  ice,  and 
which  stopped  when  the  melting  of  the  glacier  equalled  its  rate  of 
movement,  was  left  as  the  terminal  moraine  to  mark  the  southern 
edge  of  this  great  continental  glacier. 

This  terminal  moraine,  in  the  form  of  uneven  hillocks  of  clay, 
sand,  gravel,  and  boulders  in  great  variety,  still  stands  out  well- 
marked,  and  as  easily  recognized  as  if  only  a  few  years'  old.  The 
failure  to  recognize  it  earlier  has  probably  been  owing  to  the  occur- 
rence of  boulders  on  the  surface  south  of  it,  and  to  the  deposits  of 
gravel,  quartz,  boulders,  etc.,  considerably  to  the  south  of  this  line. 

The  line  marking  the  southern  limit  of  the  drift  may  be  traced 
across  the  State  of  New  Jersey  from  east  to  west,  beginning  on  the 
north  side  of  the  Raritan  River,  at  Perth  Amboy.  The  southern 
border  of  the  belt  of  Short  Hills,  which  extends  from  the  last-named 
place  to  the  First  Mountain,  marks  this  limit.  It  may  be  traced  on 
the  map  just  north  of  Metuchen,  Plainfield,  and  Scotch  Plains.  It 
crosses  the  First  Mountain  and  the  valley  between  that  and  the 
Second  Mountain,  and  then  across  the  latter  mountain  a  half  mile 
or  less  south  of  Summit  Station,  on  the  Delaware,  Lackawanna,  and 
Western  Railroad.  From  thence  onwards  across  Passaic  River,  Long 
Hill,  and,  by  Chatham  and  Madison,  to  Morristown,  it  continues  to 
hold  about  the  same  distance  to  the  south  of  the  railroad.  From 
Morristown  onwards  to  Dover  the  line  is  more  difficult  to  trace 
across  the  high  grounds;  but  it  can  be  seen  on  Morris  Plains,  near 
the  State  Lunatic  Asylum,  across  the  outlet  of  Shougum  Pond,  on 
Den  Brook,  and  across  thcvalley  of  Mill  Brook,  two  miles  southeast 
of  Dover.  At  Dover  it  can  be  seen  south  of  the  main  street  and  the 
railroad,  on  the  side  hill,  and  extending  across  the  plain  south  of  the 
Catholic  church.  It  can  be  traced  from  there  onwards  south  of  Port 
Oram,  and  across  the  divide  which  separates  Rockaway  River  from 
the  head  of  Black  River;  and  thence  a  little  north  of  McCainsville 
and  Drakeville,  and  across  the  hilly  country  just  north  of  Budd's 
Lake,  and  so  onwards  to  the  Muscouetcong  Valley,  which  it  crosses 
about  a  mile  northeast  of  Hackcttstown.     It  is  marked  by  its  hil- 
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locks,  very  plainly,  across  the  mountain  from  the  Mnsconetcong  to 
the  Pequestjust  south  of  Townsbury.  It  is  then  seen  on  the  north 
side  of  Jenny  Jump  Mountain,  and  again  on  the  south  side  of  the 
Pequest,  near  Butzville,  and  just  north  of  the  Presbyterian  church 
at  Oxford.  From  there  on  to  the  Delaware  it  can  be  traced  through 
Belvidere  to  the  river's  bank,  just  north  of  the  Pequest. 

In  Pennsylvania  it  can  be  traced  from  the  Delaware,  just  above 
Marshfield  Station,  on  the  Delaware,  Lackawanna,  and  Western  Rail- 
road, along  the  south  side  of  the  valley  of  Jacobus  Creek  to  the 
village  of  Johnsonville,  and  from  there  on  to  the  Blue  Mountain, 
which  it  meets  about  three  miles  northeast  of  the  Wind  Gap. 

In  New  York  the  line  crosses  Staten  Island  near  its  southern  end, 
and  then  along  its  southeastern  border,  near  the  Great  Kills,  to  Fort 
Tomkins,  at  the  Narrows.  On  Long  Island  the  line  begins  below  Fort 
Hamilton,  and  extends  between  Brooklyn  and  Flatbnsh,  just  north 
of  Jafmaica,  and  following  the  south  border  of  the  line  of  hills,  which 
marks  the  north  shore  of  Long  Island,  it  finally  crosses  southeasterly, 
to  the  Atlantic  shore,  a  little  west  of  Southampton. 

The  accompanying  map  of  New  Jersey  shows  the  part  of  that 
State  which  has  been  covered  by  the  glacial  drift.  It  also  shows  the 
irregular  line  of  its  southern  edge,  and  that  it  recedes  towards  the 
north  somewhat  in  proportion  as  the  ground  is  higher  above  the 
sea-level. 

To  the  north  of  this  line  the  surface  is  mainly  covered  with  heavy 
deposits  of  drift  material,  some  of  which  have  been  brought  from 
localities  many  miles  distant.  Where  the  rock-surface  is  not  concealed 
by  this  coating  of  drift,  it  is  hard  and  unproductive.  The  soils  are 
much  mixed,  and  the  miscellaneous  collection  of  boulders  of  granite, 
gneiss,  conglomerate,  limestone,  quartz,  iron  ore,  etc.,  leave  one  in 
doubt  as  to  the  source  from  which  such  dissimilar  rocks  could  have 
come.  Some  expensive  mine-workings  have  been  undertaken  in 
consequence  of  finding  these  erratic  masses  of  iron  ore. 

To  the  south  of  this  line  the  regular  geological  formations  are 
much  more  thinly  covered  with  the  soil.  There  are  some  light  banks 
of  sand  and  fine  gravel,  but  no  masses  of  glacial  earth  and  boulders, 
and  generally  the  soil  is  derived  from  the  underlying  geological  for- 
mations, and  only  changed  by  air,  rain,  drainage,  vegetation,  etc. 
The  most  remarkable  difference,  however,  is  in  the  rock-surface, 
which,  to  the  south  of  this  line,  shows  so  much  of  the  effects  of  dis- 
integrating and  decomposing  agents.     The  granitic  rocks  are  so  de- 
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composed,  for  many  feet  down,  that  they  are  cut  as  easily  as  earth. 
Good  examples  of  this  are  seen  in  the  excavations  on  the  Pennsyl- 
vania Railroad  about  Philadelphia,  and  in  those  of  the  New  Jersey 
Central  Railroad  from  Clinton  to  Warren  Junction.  The  limestones 
have  been  so  much  acted  on  by  dissolving  agents  as  to  be  thickly 
coated  with  earth,  which  is  scarcely  other  than  the  impurities  of  the 
original  stone. 

And,  generally,  the  conditions  of  the  earthy  and  rock  materials 
on  the  two  sides  of  the  line  are  such  as  would  be  expected  if  one  had 
been  left  in  quiet  for  untold  ages,  while  the  other  had  been  subject 
to  most  powerful  abrading  and  commingling  agencies. 


THE  NEW  WOEKS  AT  CLAUSTHAL  FOB  DRESSING  OEES. 

BY  JOIIN:  C.  F.  RANDOLPH,  E.  >I.,  NEW  YORK  CITY. 

(Read  at  the  Aiuenia  Meeting,  October,  18T7.) 

This  establishment  being  now  in  full  working  order,  it  has  seemed 
of  considerable  professional  interest  to  collect  together,  in  a  concise 
form,  the  various  points  as  to  its  plan,  method  of  dressing,  and 
equiimient.  The  data  contained  in  this  ])aper  have  been  largely 
drawn  from  the  able  paper  of  E.  Kutscher,  constructing  engineer  of 
the  works,  contained  in  the  Zeitschrlft  filr  Berg-Hiltten-und  Salinen- 
wesen  im  Preussischen  Striate,  1873,  supplemented  by  some  personal 
memoranda  made  while  the  works  were  under  construction  and  by 
memoranda  on  the  works  api)earing  in  various  German  technical 
papers  from  their  completion  up  to  date.  This  is  probably  the 
largest  dressing  works  in  the  world  devoted  to  the  beneficiation  of 
argentiferous  lead  ores,  and  it  is  doubtful  if  any  establishment  for 
the  concentration  of  mineral  of  any  description  can  compare  with  it 
in  size.  As  showing  the  final  practice  adopted  in  an  old  and  very 
conservative  mining  region,  in  which  the  concentration  of  ores  has 
been  a  matter  of  constant  practice  and  experiment  for  a  very  long 
period,  these  works  are  of  peculiar  interest.  The  fact  that  the 
Clausthal  ores  strongly  resemble  a  very  large  and  abundant  class  of 
ores  found  in  the  United  States  has  always  attracted  the  attention  of 
American  mining  engineers  and  mine  owners  to  the  methods  em- 
ployed in  dressing  and  smelting  them.  The  study  of  their  methods 
of  concentration  of  ores  has,  how^ever,  always  been  full  of  difficulty, 
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on  account  of  there  having  been  in  the  Clausthal  Revier  no  single 
large  works  carrying  out  a  complete  dressing  of  the  ores  and 
thoroughly  equipped  for  the  purpose.  Until  the  erection  of  the 
new  M'orks,  dressing  was  carried  on  in  a  large  series  of  very  small 
works,  very  imperfectly  equipped,  in  which  the  concentration  losses 
were  very  large.  As  a  general  rule  these  small  works  had  grown 
up  very  gradually,  and  were  filled  with  old  and  imperfect  machines, 
Avhich  had  been  added  at  different  periods,  and  were  retained  long- 
after  more  perfect  machines  had  been  invented,  because  of  the  im- 
possibility of  replacing  them  without  remodelling  the  works  entirely. 
As  in  most  cases  this  was  impossible  without  digging  new  founda- 
tions, and  erecting  entirely  new  works,  many  of  these  Clausthal 
works  presented  in  their  equipment  and  appliances  a  perfect  epitome 
of  the  history  of  ore-dressing  from  the  earliest  times  to  the  present 
day.  As  museums  they  were  interesting,  but  as  dressing-works 
they  were  ill  adapted  to  their  work.  Since  the  treatment  in  most  of 
them  was  only  partial  it  was  continually  a  question  if  it  would  not 
be  more  economical  to  throw  aside  middling  products  from  various 
operations  than  to  transfer  them  to  other  works  for  further  treatment. 
All  of  these  old  works  depended  entirely  on  water  as  a  motive  ]X)\ver, 
and  in  many  of  them  several  water-wheels  of  small  power  and 
awkward  construction  were  necessary  to  accomplish  the  work  even 
imperfectly.  It  was  no  uncommon  thing  to  find  water-wheels  of 
small  power  and  large  diameters  and  but  small  head  of  water  labor- 
iously driving  a  single  machine  and  not  being  thoroughly  successful. 
Where  heavy  work  like  that  of  driving  stamps  had  to  be  done, 
several  water-wheels  were  sometimes  made  to  combine  their  efforts. 
All  of  these  small  works  were  liable  to  a  stoppage  in  case  of  a 
drought.  In  the  Pochthal  and  the  Zellerfeldthal  there  were  a  large 
number  of  dressing-works  of  the  character  described.  For  a  long 
time  the  desirability  of  continuous  systematic  drc>'sing  of  the  Claus- 
thal ores  was  felt,  and  in  1862  it  had  become  thoroughly  evident 
that  this  would  always  be  impossible  with  the  existing  works  and 
that  it  would  be  equally  impossible  to  remodel  them  so  as  to  answer 
the  increasing  needs  of  the  mines  and  furnaces.  It  was  therefore 
decided  to  build  one  large  works,  compact  and  well  equipped,  in 
which  the  dressing  should  be  both  continuous  and  S3^stematic,  and  to 
let  this  new  establishment  replace  the  old  ones. 

The  site  selected  was  the  very  advantageous  slope  of  the  Bremer- 
hohe,  facing  the  Pochthal,  which  was  already  occupied  by  the 
Clausthal   Stamp  Mills,  numbers  1  to  10.     The  original  plan  con- 
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templated  a  total  ca])aeity  of  50,000  tons  a  year,  driving  the  stamps 
at  night,  and  the  rest  of  the  apparatus  by  day,  and  using  as  far  as 
|x)ssibie  the  existing  water-power,  hut  not  being  entirely  dependent 
on  it.  Before  the  completion  of  this  plan,  it  was  modified  to  admit 
of  a  yearly  capacity  of  75,000  tons  a  year  or  250  tons  a  day  on  the 
same  basis.  The  increased  production  of  the  Clausthal  mines  in 
186G  made  a  further  change  of  plan  necessary,  and  their  final  form 
is  for  a  ca{>acity  of  150,000  tons  a  year  or  500  tons  per  day  if  all 
the  machinery  is  driven  both  day  and  night.  In  erecting  the  works 
some  of  the  old  buildings  have  been  utilized,  but  most  of  the  build- 
ings are  new,  and  very  large.  Some  portions  of  the  old  equipment, 
also,  have  been  retained  as  serviceable.  The  new  works  were  com- 
pleted in  1872,  and  probably  cost  more  than  the  original  estimates 
on  account  of  the  several  changes  in  plan  during  construction,  A 
very  important  consideration'  connected  with  the  erection  of  the  new 
works  was  the  opjX)rtunity  offered  by  their  construction  on  the  site 
selected  for  carrying  out  a  broad  and  novel  plan  of  transportation 
for  the  ores  from  Clausthal  mines,  drained  by  the  celebrated  Ernst 
August  tuuinel,.  which  supply  the  larger  part  of  the  ore  treated  in 
the  works.  The  Ernst  August  tunnel  is  a  navigable  adit,  and 
strikes  immediately  beneatb  the  bill  on  which  the  works  have  been 
erected.  The  plan  was  ta  tap  the  adit  by  a  shaft  from  the  upper 
part  of  the  slope,  and  thus  render  it  possible  to  bring  the  ores  by 
boat  from  the  various  mines  through  the  adit  and  the  shaft  directly 
into  the  works.  Other  ores  from  the  Silbersegen  Mine  to  the  south 
were  to  be  broug-Kt  throuo;h  a  level  and  a  second  shaft,  and  the  small 
amounts  of  ore  from  the  Altersegen  Mine  to  the  east  were  to  be 
brought  by  tramway.  The  advantages  and  economy  of  such  a 
system  of  transportation  of  ores  to  the  works  need  hardly  be  dwelt 
on.  In  erecting,  the  works  advantage  has  been  taken  of  the  slope, 
in  the  usual  way,  so  that  the  ore  descends  from  treatment  in  one 
building  to  further  handling  in  the  next  below — the  floor  of  one 
building  being  level  with  the  upper  part  of  the  next.  The  slope 
may  therefore  l)e  regarded  as  a  series  of  steps,  on  each  of  which  are 
situated  buildings  for  one  or  more  stages  of  dressing.  By  referring  to 
the  plan  of  the  works  (Plate  IX),,  which  is  a  reproduction  from  the 
drawings  of  Mr.  Kutscher,  the  peculiarly  advantageous  <diaracter  of 
the  topography  of  the  hilJ,  and  the  manner  in  which  it  is  utilized 
will  be  readily  seen.  On  the  first  or  uj>})er  div»ision  of  the  slope  is 
the  moutli  of  the  shaft,  cZ,  connecting  with  the  Ernst  August  tunnel ; 
the  stone-breaker  house,  h,  containing   breakers  and  coarse  sizing 
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drums,  and  the  buildings,  a,  b,  c,  d,  containing  engines  for  hoisting 
and  for  power,  and  the  hoisting  reels.  On  the  second  step,  some- 
■svhat  lower,  are  two  picking-houses,  entered  on  the  second  story  by 
a  track  led  over  a  trestle  from  the  lireaker-honse.  The  building  i 
is  for  picking  the  mine  smalls,  and  if  for  broken  rock.  From  these 
j)icking-houses  a  track  leads  northward  along  the  brow  of  the  slope 
to  the  dumping-ground.  On  the  third  is  the  ore-ground,  and  the 
magazines.  Ore  from  the  picking-houses  above  is  either  lowered 
down  the  slope  to  it,  or  is  dumped  from  the  trestlework  which  goes 
over  it.  On  the  fourth  step  is  the  coarse  separation-house  (1 ),  a  third 
picking-house  (3),  and  a  small  fine  separation-house  (2).  The  build- 
ings (2)  and  (3)  are  on  the  sides  of  the  coarse  separation-house,  and 
slightly  lower.  The  ore  enters  the  second  story  of  (1)  from  the  ore- 
ground  by  a  track  passing  over  one  of  the  two  sets  of '^spitzkasten," 
which  are  placed  outside  of  the  building.  On  the  fifth  division 
of  the  slope  is  one  coarse  crushing-house  (6)  with  sizing  drums, 
driven  by  water-power,  and  sufficiently  large  to  admit  of  doubling 
its  equipment.  On  the  sixth  step  is  the  second  coarse  crushing- 
house  (6),  of  double  the  capacity  of  the  other  and  driven  entirely  by 
steam-power  from  the  engine  (14)  on  the  same  level.  On  the  same 
level  is  also  the  coarse  jigging-house  (7).  The  middle  and  fine 
crushing-house  (8),  containing  most  of  the  fine  sizing-drums,  is  on 
the  seventh  step,  and  on  the  eighth  is  the  fine  jigging-house  (9).  On 
the  lowest  step,  which  is  the  bottom  of  the  slo}5e,  are  the  stamping- 
house  (11),  and  slime  pits,  the  auxiliary  washing-house  (10),  the 
office  (17),  and  a  number  of  building*,  used  formerly  as  small  stamp 
mills. 

The  plan  of  the  works  is  by  no  means  a  perfect  one,  and  it  does 
not  seem  as  though  the  slope  has  been  utilized  to  the  very  best  ad- 
vantage. The  main  point  to  be  borne  in  mind  in  laying  down  the 
plan  of  works  where  there  is  a  slope  available  for  the  purpose  is,  un- 
doubtedly, that  the  products  shall  descend  steadily  downward,  so  as  to 
reduce  the  cost  of  handling  to  a  minimum.  It  is  consequently  a  bad 
disposition  to  use  the  ore-ground  on  the  third  step  for  storing  finished 
products,  M'hich  have  to  be  raised  back  from  the  lower  steps.  These 
should  rather  be  stored  on  the  very  loM'est  level.  The  position  of 
picking-house  number  3  is  extremely  awkward,  and  a  better  arrange- 
ment might  have  been  made,  so  that  the  ore  from  the  coarse  separa- 
tion-house to  be  picked  should  have  gone  forward  and  downward 
instead  of  backward.  The  erection  of  two  coarse  crushing-houses  was 
necessitated   by  the  plan  of  driving  one  entirely  by  steam,  as  the 
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water  power  was  not  sufficient  for  both,  but  they  should  have  been 
nearer  together  and  on  the  same  level.  The  institution  of  a  separate 
fine  separation-house  by  the  side  of  a  coarse  crushing-house  for  the 
treatment  of  the  fine  stuff  coming  from  the  coarse  drums  is  open  to 
criticism,  but  is  most  probably  a  necessary  arrangement,  although 
considerable  advantage  might  have  resulted  from  having  all  the  fine 
sizing  apparatus  under  the  same  roof. 

The  water  for  the  works  is  brought  by  a  water-ditch,  as  indicated 
on  the  plan.  It  is  not  constant  in  amount  during  the  different  parts 
of  the  year,  and  the  establishment  is  arranged  so  as  to  use  it  both  for 
concentration  purposes  and  for  power.  Being  equipped  with  ample 
steam-power  as  well,  the  water-power  can  be  at  any  time  supple- 
mented or  replaced  in  seasons  when  all  the  water  may  be  needed  for 
dressing  operations.  The  manner  in  which  the  water  is  used  over 
and  over  again  in  passing  through  the  works  is  of  considerable  in- 
terest, and  quite  according  to  the  economic  methods  of  the  Hartz. 
After  being  used  on  each  step  it  goes  into  a  series  of  clearing-tanks 
under  the  floor  or  outside  of  the  building,  and,  being  thus  partially 
cleared,  descends  to  the  next  building,  to  be  used  again.  In  its  down- 
ward course  it  goes  through  several  series  of  revolving  screens,  spitz- 
kasten,  jigs  of  all  classes,  stamp  batteries,  labyrinths,  buddies,  and 
tables.  It  also  drives  four  turbines,  and  one  overshot  wheel,  and 
only  finds  rest  when  it  reaches  the  large  series  of  slime  pits,  in  which 
it  deposits  its  slimes  before  being  allowed  to  leave  the  Avorks.  The 
details  of  its  use  in  the  works  will  be  more  fully  treated  in  speaking 
of  the  details  of  the  different  buildings. 

The  power  for  the  works  is,  as  has  been  noted,  partially  steam- 
power  and  partially  water-power,  arranged  to  supplement  one  another 
when  necessary.  By  reference  to  the  plan  the  points  where  the  power 
is  applied  will  be  readily  seen.  At  the  top  of  the  slope,  h,  is  a  small 
Corliss  engine  for  hoisting  from  the  shaft,  d,  and  for  giving  power  to 
the  rock-breakers  and  sorting-drums  in  the  building,  h.  In  the  build- 
ing (1)  is  a  turbine  with  18  feet  head,  for  giving  power  to  the  coarse 
drums  in  (1)  and  the  fine  drums  in  (2).  In  the  coarse  crushing-house 
(6)  are  two  turbines  of  18  feet  head,  which  may,  at  will,  supplement 
the  power  of  the  turbine  in  (1).  In  the  middle  and  fine  crushing- 
house  (8)  is  a  turbine  of  78  feet  head,  which  gives  power  to  the  build- 
ings (7),  (8),  and  (9),  and  can  supplement  the  power  in  (G).  The 
Corliss  engine  (14)  of  100  horse-power  gives  jwwer  to  the"  second 
coarse  crushing-house  (6),  and  supplements  the  power  in  (7),  (8),  and 
(9),  and  in  case  of  lack  of  water  can  be  relied  on  entirely  for  power 
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in  the  whole  flight  of  buildings  (1),  (2),  (6),  (7),  (8),  and  (9).  The 
150  horse-power  Corliss  engine  in  the  stainping-liouse  (11)  drives 
the  stamps,  jigs,  buddies,  and  tables  in  that  house,  and  also  two 
pumps.  The  two  Corliss  engines  (14)  and  (11)  get  their  steam  from 
the  boiler-house  (12),  to  which  coal  is  elevated  by  the  steam  slope  (13). 
Up  the  same  slope  are  brought  the  material  for  dumping,  arising 
from  the  buildings  (7),  (8),  and  (9).  Finally,  the  jigs,  buddies,  and 
tables  in  the  auxiliary  washing-house  (10)  are  driven  by  an  overshot 
water-wheel,  13J  feet  in  diameter,  placed  at  one  end  of  the  building. 

THE  METHOD  OF  DRESSING. 

The  works  have  been  equipped  for  handling  the  ordinary  Clausthal 
ores.  These  consist  of  low  grade  argentiferous  galena  somewhat 
finely  disseminated  in  a  gangue  of  calc  spar  and  baryta,  and  more  or 
less  intimately  associated  with  chalcopyrite,  pyrite,  marcasite,  and  zinc 
blende.  The  equipment  is  calculated  for  the  reception  of  about  one- 
half  of  the  ore  as  mine  smalls  of  the  size  of  64"""  and  under,  and  the 
remaining  ore  of  larger  size.  This  is  about  the  usual  proportion. 
The  only  preparation  the  ore  receives  in  the  mines  is  its  separation 
by  ragging  hammers  from  absolutely  barren  gangue,  wall  rock,  etc. 
It  was  formerly  se])arated  below  ground  into  rough  classes,  which 
were  kept  distinct,  but  this  is  no  longer  found  necessary.  For  the 
sake  of  greater  clearness,  the  course  of  the  dressing,  which  is  some- 
what complicated,  will  be  given  unmixed  with  details  of  ai)paratus 
or  results.  In  connection  with  this  description,  the  skeleton  on 
Plate  IX,  has  been  carefully  prepared  and  is  believed  to  be  correct. 

On  its  arrival  from  the  shafts,  or  by  tramway,  the  ore  enters  the 
second  story  of  the  rock-breaker  house,  and  is  dumped  from  the  cars 
on  a  bar  grate,  the  bars  of  which  are  64"""  apart.  By  this  grate  the 
ore  is  divided  into  two  first  classes  or  sizes — above  and  below  64""". 
All  under  64""  in  size  passes  through  the  grate  into  a  revolving- 
screen  below,  and  is  screened  wet.  The  ore  remaining  on  the  grate, 
or  above  64™"',  is  pushed  down  a  slight  incline  to  the  jaws  of  a  Blake 
crusher,  by  which  it  is  broken  to  64"'"'  and  under,  and  falls  into 
a  revolving  screen  similar  to  that  in  which  the  smalls  from  the  grate 
are  screened,  but  the  screening  is  done  dry.  By  the  screens  the  grate 
smalls  and  the  breaker  smalls  are  divided  into  similar  sizes — all 
below  32'""',  which  passes  through  the  mesh,  and  all  above  32"'"'  or 
between  64"""  or  32"'"',  which  passes  out  at  the  end  of  the  drum.  The 
ore  above  32"'"'  from  the  grate  screen  and  the  breaker  screen  is  ke})t 
distinct,  and  each  class  is  picked  in  a  special  picking-house  provided 
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for  it.     In  this  hand-picking  no  pure  galena  is  obtained.     The  fol- 
lowing are  th.e  products  of  the  picking  : 


1.  Stamp  oro,  in    which   the  galena  is 

finely  disseminated. 

2.  Crusiiing   ore,    which    contains   the 

galena  in  coarse  particles. 

3.  Coi)per  pyrites. 


4.  Iron  pyrites. 

5.  Murcasite. 

6.  Zinc  blende. 

7.  Poor  rock  and  ganrriie. 


Of  these  classes,  Nos.  1  and  2  are  the  objects  of  dressing  together 
with  the  smaller  size  under  32°""  previously  obtained.  The  copper 
pyrites  are  sold  to  the  copper  works  at  Altenau.  The  iron  pyrites  and 
marcasite  are  sold  to  the  sulphuric  acid  works  in  the  same  place,  and 
the  zinc  blende  is  sold  in  open  market.  The  ore  from  the  sorting- 
drums  below  32™"  in  size  descends  to  the  coarse  sizing-drums  in  the 
coarse  separation-house  on  the  4th  step  of  the  works.  In  this  build- 
ing it  is  sized  wet  into  eight  divisions.  Of  these,  the  largest  size  is 
between  32"""  and  17.78'""',  or  in  other  words  above  17.78""",  and  goes 
to  a  third  picking  on  the  same  level,  from  which  the  same  products 
are  obtained  as  in  the  other  two  picking-houses.  The  other  sizes 
from  the  coarse  drums  are — 

17.78"'T>_13.34"^'"  — 10""* 
7  5mn>  _  5.62"""  —  4.22"'"' 

These  six  sizes,  together  with  the  same  sizes  from  the  coarse  crushing- 
house  in  which  the  crushing  ore  from  the  picking-houses  is  crushed 
and  sized,  are  the  material  for  coarse  jigging.  In  addition  to  these 
sizes,  the  sizing-drums  in  both  the  coarse  separation  and  coarse  crush- 
ing-houses furnish  an  eighth  size.  All  the  ore  below  4.22"'°'  or  between 
4.22"'°'  and  1""^"  goes  through  the  last  screen  of  each  set  and  is  caught 
in  a  zinc  funnel,  the  turbid  water  containing  ore  below  1'""  in  size, 
flowing  off  to  the  spitzkasten,  as  will  be  noted.  This  deposit  in  the 
zinc  funnels  betw^een  4.22"""  and  1"""  is  drawn  off  to  fine  sizing-drums 
of  which  there  is  a  small  auxiliary  set  especially  for  the  handling 
of  the  small  amount  coming  from  the  coarse  separation-drums. 
From  the  fine  sizing-drums  the  following  classes  are  obtained  : 
4  22'n"'  _  3. IG"""  —  2.87°""—  1.78'''"'  —  1.33"'"'—  l"™ 

and  in  material  below  1"'"'  which  is  caught  in  a  funnel  below  the  last 
screen.  The  same  fine  sizes,  4.22°''"'  —  l"",  come  also  from  another 
source — the  middleandfinecru.shing-house,  where  the  middleproduets 
from  the  coarse  jigging  are  crushed  and  sized.  All  these  si^es  from 
^22"-'"  —  l"""  are  the  material  for  the  fine  jigging.  The  sands  below 
1"'   settling  in  the  spitzkasten  after  coarse  separation  are  drawn  off  to 
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the  auxiliary  washing-house.  The  sanJs  below  1"™  settling  in  the 
funnels  below  the  fine  sizing-drums  are  first  jigged  and  then  drawn 
off  to  the  auxiliary  washing-house.  Fine  jigging  furnishes  middle 
products,  which,  although  containingmineral,  need  further  reduction 
before  it  can  be  obtained.  These  middle  products  from  fine  jigging, 
and  the  most  finely  picked  or  stamp  ore  from  all  three  picking-houses, 
are  handled  in  the  stamp-house.  From  the  screens  of  the  stamp  bat- 
teries the  thin  pulp  is  first  led  through  a  classification  apparatus  of 
a  number  of  boxes  of  increasing  size,  in  which  the  sands  deposit,  and 
are  drawn  off  at  the  bottom.  The  water  flowing  from  the  top  of  the 
last  classfication  box  is  led  through  a  set  of  Kittinger  spitzkasten  for 
the  deposition  of  the  slimes.  The  sands  from  the  classification  ap- 
paratus are  jigged  on  neighboring  sand  jigs,  and  the  jigged  product 
is  either  rejigged  or  sent  to  the  buddies  below.  The  turbid  water  from 
each  set  of  jigs  belonging  to  one  classification  apparatus  goes  into  an 
adjoining  labyrinth  of  25"  —  30™  circulation  in  which  slimes  are  de- 
posited, and  then  to  the  clearingtanks  outside.  Theslimesfrom  theRit- 
tinger  spitzkasten  are  discharged  through  arising  pipe  upon  the  up- 
per one  of  two  overlapping  buddies  on  which  a  pureschlicli  is  obtained, 
and  an  enriched  band,  which  is  retreated  on  the  lower  buddle.  Finally 
the  middle  product  from  the  sand  jigs  is  treated  on  non-continuous 
tables,  and  the  slimes  from  the  labyrinth  and  slime-pits  are  from  time 
to  time  removed  and  treated  either  on  the  buddies  or  the  tables. 
The  auxiliary  washing-house  alone  remains  to  be  spoken  of  To 
this  building  come  the  slimes  from  the  spitzkasten  attached  to  the 
coarse  separation  and  coarse  crushing-house,  and  also  the  jigged 
slime  from  the  fine  sizing-drums  in  the  fine  separation,  and  middle  and 
fine  crushing-houses.  These  are  dressed  in  the  auxiliary  washing- 
house  by  the  same  combination  of  ap})aratus  and  operations  as  we 
have  detailed  as  being  used  for  the  pulp  coming  from  the  stamp  bat- 
teries. The  buddies  alone  are  different  in  this  building,  as  instead 
of  consisting  of  a  pair  of  convex  buddies  on  different  shafts  and 
overlapping,  they  consist  of  a  concave  and  convex  buddle  one  above 
the  other  on  the  first  shaft,  and  a  lower  convex  buddle  on  a  second 
shaft  overlapped  as  before. 

The  salient  points  of  this  method  of  dressing  may  be  noted  as  fol- 
lows: No  mineral  is  obtained  from  hand-picking;  sizing  and  jig- 
ging are  carried  out  to  the  extreuie  limit ;  all  the  mineral  obtained 
comes  from  the  jigs,  buddies,  and  tables.  The  extent  to  which  sand 
jigs  are  used  is  almost  unprecedented,  and  they  handle  finer  material 
than  has  hitherto  been  handled  on  them  in  the  Hartz.     The  whole 
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of  the  method  for  coarse  material  is  admirable,  but  it  is  perhaps  a 
question  if  a  more  extensiv^e  use  of  tables  might  not  be  of  advantage 
in  handling  the  sands  and  slimes  instead  of  the  sand  jigs  and  buddies. 
It  seems  probable  that  the  method  of  handling  the  pulps  from  the 
stamps  is  not  a  final  one.  As  regards  the  coarsest  products  from  the 
coarse  screens,  viz.,  over  17.78'"'",  two  courses  are  open  for  its  treat- 
ment—(1)  either  to  submit  it  to  hand-picking,  or  (2)  to  send  it  at 
once  to  the  coarse  rolls.  The  first  plan  seems  the  best,  and  they 
have  adopted  it.  An  economy  of  labor  might  have  been  attained 
by  letting  it  fall  directly  from  the  drum  on  continuous  belt  picking- 
tables,  as  the  amount  is  comparatively  small. 

THE    DRESSING    MACHINERY. 

The  apparatus  with  which  the  establishment  is  equipped  now  de- 
mands our  attention.  This  may  for  convenience  be  classified  under 
three  heads  :  I.  Machinery  for  reducing  the  size  of  the  ore.  II.  Ap- 
paratus  for  sizing  and  classifying  the  ore  so  reduced.  III.  The  jigs; 
and  IV.   Other  concentrating  apparatus. 

1.  llachinery  for  reducing  the  size  of  the  ore. — This  consists  of 
three  classes  of  machinery — rock-breakers,  rolls  and  stamps. 

The  rock-breakers  are  the  Hanover  variation  of  Blake's  machine 
so  much  favored  in  Germany.  They  are  six  in  number,  with  a 
caj)acity  5-7|  tons  per  hour  each  when  crushing  the  large  ore  to 
64""'".  Their  breaking  capacity  therefore  exceeds  that  demanded 
bv  the  amount  of  ore  coming  to  them. 

The  Crushing  Rolls. — These  are  all  of  similar  construction,  and 
consist  of  a  cast-iron  shaft  with  a  conical  seat,  on  which  the  crushing- 
face,  which  has  been  trued  both  inside  and  outside,  is  secured  by  a 
screw  at  the  ends.  On  account  of  the  large  consumption  of  crushing 
surfaces  in  the  works,  careful  comparative  experiments  have  been 
made  with  faces  of  cast  iron,  chilled  iron,  Bessemer  steel,  crucible 
steel,  and  hammered  cast  steel.  The  results  of  these  experiments  seem 
to  warrant  their  present  preference  for  crucible  steel  as  best  meeting 
the  two  requirements  of  durability  and  medium  cost.  The  pillow- 
blocks  in  which  one  of  the  I'olls  moves  are  movable,  with  india- 
rubber  buffers  pressing  against  them.  On  the  prolongation  of 
the  axes  of  the  rolls  are  toothed  wheels,  working  in  one  another. 
The  power  is  laid  on  by  a  pulley  driving  intermediate  gearing. 
The  construction  of  these  rolls  is  in  no  way  peculiar.  There  are 
three  sets  of  coarse  rolls  in  the  works,  with  room  for  a  fourth  set  if  it 
is  at  any  time  needed.     These  coarse  rolls  are  760"""  in  diameter, 
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with  a  face  300'"'"  long.  The  rolls  are  set  18  ""'"  apart,  and  make 
24  revolutions  a  minute,  with  a  capacity  for  each  pair  of  5|-7^ 
tons  per  hour.  The  middle  and  fine  rolls,  of  which  there  are  six 
sets  of  each,  are  of  similar  construction,  but  of  a  diauietcr  of  only 
SSO""'",  and  the  same  length  of  face.  Of  these  the  middle  rolls  are 
set  to  crush  to  Q'^'",  and  the  fine  rolls  to  2""",  and  both  classes  of 
rolls  are  given  a  velocity  of  60  revolutions  a  minute,  with  a  product 
of  from  2J-3  tons  an  hour.  The  following  table  gives  these  details 
ill  tabular  form  : 


Number 
ol'  sets. 

Diameter. 

Face. 

R-'Vnlu- 
tioiis  per 
miuulf. 

Crushing 

10. 

Capacity 
per  hour. 

3 
6 
6 

38^""° 

300""  ■» 
300»" 
300"" 

24 

f.O 
60 

(jraui 
2'°" 

5—71^  t. 
21^-3  t. 

Middle  Rolls 

Fiuu  Kulls 

The  Stamps. — There  are  in  all  176  stamps  in  8  batteries  of  22 
head  each.  The  original  plant  of  120  stamps  was  found  in  1875  to 
be  insufficient  for  handling  all  the  material  coming  to  them  for  fine 
reduction.  For  three  years,  therefore,  a  portion  of  the  middle  pro- 
ducts from  fine  jigging  had  to  be  thrown  away.  This  has  now  been 
obviated  by  increasing  the  number  of  ::>tamps.  They  have  heads 
and  dies  of  soft  iron,  with  wrought-iron  stems  and  cast-iron  mortars. 
The  total  weight  of  each  stamp,  including  stem,  head,  and  tappet, 
is  from  200  to  215  kilograms.  They  are  driven  by  cam  shafts 
(which  are  separate  from  the  frame,  after  the  usual  German  method), 
to  which  power  is  transferred  by  belting  and  a  large  band-wheel. 
The  cams  are  double.  No  data  is  at  hand  of  the  present  practice, 
as  to  the  number  of  drops  a  minute  or  the  height  of  stroke.  The 
number  of  drops  per  minute  is  probably  lower  than  the  best  Auieri- 
can  practice,  if  it  follows  the  usual  practice  in  the  Ilartz.  Each 
battery  is  supplied  with  llittinger's  "stausatz"  above  the  screens,  for 
drawing  off  chips,  shavings,  straws,  and  other  woody  matter,  from 
which  it  is  almost  impossible  to  keep  ore  free,  and  which  are  such  a 
continual  annoyance  by  clogging  tlie  screens,  etc.,  when  working 
without  this  simple  arrangement.  This  "stausatz"  is  so  well  known 
as  to  need  no  description  here.  The  water  for  stamping  is  introduced 
on  the  front  above  the  "  stiiusatz  "  and  screens.  The  ore  is  fed  from 
the  floor  above  at  the  back  of  the  stamps  into  a  series  of  large  sta- 
tionary hopjsers,  the  sides  of  which  toward  the  stamps  are  vertical, 
and  the  other  side  oblique.  These  hoppers  have  a  feeding-slit  at  the 
bottom  of  the  vertical  side,  which  is  alternately  opened  and  closed 
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by  a  sliding-plate  moving  horizontally  back  and  forth  by  means  of 
a  simple  connection  with  a  line  of  shafting.  The  velocity  of  this 
sliding-plate  is  43"""  per  minute.  The  ore  thus  escaping  from  the 
hopper  slides  down  a  short  inclined  trough  into  the  mortar.  The 
same  feeding  arrangement  is  used  for  the  coarse  rolls,  as  it  permits 
a  large  amount  of  ore  to  be  stored  in  the  hopper,  which  is  of  import- 
ance when  the  intervals  of  charging  the  hopper  are  long,  as  in  that 
case,  on  account  of  the  distance  the  ore  has  to  be  brought. 

II.  The  Sizing  and  Classifying  Apparatus. — With  the  exception 
of  some  bar  grates  used  for  coarsely  dividing  the  crude  ore  coming 
to  the  breaker-house,  and  the  material  coming  from  the  middle  rolls, 
all  the  sizing  apparatus  consists  of  revolving  drums  or  screens.  The 
grates  need  no  description.  In  the  breaker-house  they  consist  of  bars 
set  64'""'  apart,  and  are  six  in  number.  In  the  middle  and  fine 
crushing-house  the  grates  are  beneatli  the  middle  rolls,  with  open- 
ings 4"""  apart,  and  have  the  object  of  separating  the  material 
falling  from  the  rolls,  which  is  already  fine  enough  for  fine  jigging, 
from  the  coarser  particles,  which  are  pushed  off  the  grate  down  a 
trough  into  the  fine  rolls  for  further  reduction.  •  The  sizing-drums 
are  of  two  classes  :  (1),  conical,  with  horizontal  axes  ;  (2),  cylindrical, 
with  inclined  axes,  of  which  the  larger  portion  belong  to  the  first 
class.  They  are  all  of  the  usual  construction,  having  an  internal 
axis,  with  rings  at  intervals,  on  which  sockets  are  cast,  in  which 
radiating  iron  arms  fit.  These  arms  are  connected  at  the  outer  ends 
bv  circular  and  straight  wrought-iron  bands,  and  are  covered  by  a 
perforated  metal  screen  of  appropriate  material.  All  the  perforated 
screens  are  of  sheet  iron,  except  those  with  holes  of  1°"",  which  are 
sheet  copper.  These  screens  are  single  and  in  sets  of  three  or  five 
each,  according  to  the  purpose  for  which  they  are  used.  In  the 
breaker-house  there  are  12  single  conical  screens,  with  horizontal 
axes,  and  sides  inclining  1  :  24.  Of  these,  six  are  beneath  the  grates 
for  washing  and  rough  sizing  the  grate  smalls,  and  six  are  on  the 
opposite  side  of  the  building  for  dry  sizing  of  the  smalls  from  the 
breakers  above.  Those  for  wet  sizing  are  2.75'^  in  length,  and 
those  for  dry  sizing  l.SS"^,  and  all  have  the  same  diameters  of  .83"" 
and  LOT"*  for  the  ends.  They  are  all  covered  with  perforated 
sheet  iron  with  holes  of  82'""',  and  make  12  revolutions  per  minute, 
with  a  capacity  of  2^-3|  tons  per  hour  for  each. 

In  the  coarse  separation- house  (marked  1  on  the  plan  of  the  works), 
and  the  two  coarse  crushing-houses  (marked  0),  are  found  the  coarse 
sizing-drums  in  sets  of  three  each.     Four  of  these  sets  are  in  the 
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coarse  separation,  and  in  the  two  coarse  crushing-houses  four  and  two 
respectively,  or  ten  sets  of  coarse  sizing-drums  in  all.  These  coarse 
drums  are  all  cylindrical,  with  axes  inclined  1  :  24,  and  each  set  is 
arranged  in  a  descending  series,  one  below  the  other,  on  a  line  of 
about  45°.  The  upper  drum  is  larger  than  the  others,  being  2.75"" 
long  and  .9"  in  diameter.  The  two  lower  ones  of  the  set  are  l.SS*" 
long  and  .6'"  in  diameter.  The  upper  one  is  divided  in  three  equal 
parts,  each  of  which  is  covered  with  a  perforated  sheet-iron  screen, 
the  holes  of  which  are  respectively  32'"'",  17.78'"'"  and  13.34'"".  In 
like  manner  the  second  and  tliird  drums  have  each  two  screens  with 
holes,  lO""'"  and  7.5'""'  in  the  second  drum,  and  5.62'"'"  and  4.22"""  in 
the  third.  The  second  and  third  drums  are  geared  together  by 
toothed  wheels  at  one  end,  and  are  driven  by  a  separate  belt  moving 
in  different  directions,  but  the  upper  drum  is  driven  by  a  separate 
belt  of  its  own,  going  in  the  same  direction  as  the  lower  one  of  the 
set.  They  are  all  driven  at  twelve  revolutions  per  minute,  and  each 
set  sizes  from  3|-5J  tons  per  hour. 

In  the  small  separation-house  and  the  middle  and  fine  crushing- 
house  are  found  the  fine  sizing-drums  in  sets  of  five  drums  each. 
There  are  two  of  these  sets  in  the  former,  and  six  in  the  latter  build- 
ing. All  the  fine  drums  are  conical,  with  horizontal  axes,  and  sides 
inclining  1  :  24.  The  five  drums  constituting  a  set  are  arranged  in 
pyramidal  form,  one  drum  forming  the  apex,  and  twodrums  below 
on  both  sides.  On  the  end  of  each  is  a  gear  wheel,  by  which  motion 
is  transferred  from  one  to  another — the  direction  of  the  motion  being 
of  course  reversed  at  each  transfer.  The  power  is  applied  to  the 
loweroneof  each  set  by  a  belt  and  band  wheel.  All  the  drums  of 
a  set  have  the  same  dimensions,  being  1.83'"  long,  and  .6""  and  .7"  in 
diameter  for  the  two  ends.  Four  drums  of  each  set  are  covered  with 
perforated  sheet  iron,  but  the  fifth  (1'"'")  is  covered  with  perforated 
sheet  copper.  The  sizes  of  the  holes  of  the  v^arious  drums  are  3.1  C"""" 
—2.37"'"— 1.78'"'^— -1.33'"'"— l'""',  and  the  drums  are  arranged  so  that 
the  middle  one,  with  1,78"""  holes,  forms  the  apex,  and  receives  the 
ore  to  be  sized.  The  material  passing  this  screen  goes  to  the  finer 
drums  on  one  side,  and  what  the  screen  refuses,  goes  to  the  coarser 
drums  on  the  other  side.  This  is  quite  a  usual  arrangement  for  a 
large  set  of  drums.  The  following  will  show  sufficiently  plainly  the 
arrangement  of  the  drums  according  to  the  sizes: 

S.16'""'  1.33""" 

2.3T'"'"  ln.m 

All  above  1.78'"'"  goes  to  the  3.16'"'"  drum,  which  refuses  all  above 
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3.16"""',  which  goes  to  its  bin,  while  the  portion  below   S-IG"""  falls 
into  the  2.37""'"  drum,  by  which  all  between  2.37"'"  and  1.33'""  is 
passed,  and  all  between  2.37"""  and  S.IG""  is  refused. 
The  sizes  furnished  are  therefore 


I.  All  between  4.22" 
II.     "         "         3.16 

III.  "         "         2.37 

IV.  "         "         1.33 
V.   l"""  and  under 


and  3.16°"" 
"     2.37 
"     1.33 
"     1 


The  following  table  shows  these  details  of  the  sizing-drums,  ar- 
ranged for  reference  and  comparison  : 


SIZING-DRUMS. 


Use. 

C 

s 

3 

Shape. 

Axis. 

a 

Diam- 
eters. 

II 

.5 'a 

0  - 

II 

Holes. 

Capacity 
per  hour. 

Washing       and 
soriiiig    grate 
smalls 

6 

Conical 

Horizontal. 

m. 

2.75 

m. 
.83-1.07 

12 

mm. 
32 

2U— 31^  t. 

Sortins;  breaker 
smalls 

6 

Conical 

Horizontal. 

183 

.83—1.07 

12 

32 

2K-3>^t. 

Coarse      sizing  1 
iu  sets  or  3.... 

40 

Cylind. 

Inclined 

f2.7g 

■i  1.83 
[1.83 

.9 
.6 
.6 

12 

f  32-17.78-13.34 
■i         10—7.5 
[      5.62—4.22 

3M-^Ht. 

Fine   sizing  in 

40 

Conical 

Horizontal. 

1.83 

.6— .7 

12 

r           3  16 
2.37 

\            1.78 
1.33 

[           1 

? 

J 

The  apparatus  for  classifying  material,  too  fine  for  sizing  by 
screens,  viz.,  sands  and  slimes,  consists  of  zinc  funnels  beneath  some 
of  the  drums,  various  series  of  spitzkasten,  and  the  classification  sets 
in  the  stamp-house  and  the  auxiliary  washing-house. 

The  action  of  all  this  apparatus  is  a  classification  by  deposition  ac- 
cording to  gravity,  by  which  the  heavier  coarse  sands  settle  first,  the 
lighter  coarse  ones  afterward,  the  heavy  fine  particles  next,  and  the 
light  fine  ones  last  of  all.  To  a  limited  extent,  the  action  is  also  one 
of  sizing.  Of  these  appliances  the  zinc  funnels,  or  spitztrichter,  are 
more  collectors  than  cla.ssifiers.  They  are  placed  beneath  the  last 
drum  of  each  set  of  coarse  and  fine  sizing-drums  for  catching,  in  the 
first  instance,  all  material  below  4.22°"",  and  in  the  second  ca.se  all 
material  below  1"".  There  are  consequently  ten  of  them  connected 
with  the  coarse  drums,  and  eight  with   the  fine  drums.     They  are 
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made  of  sheet  zinc  to  better  avoid  corrosion,  and  are  approximately 
.B^X-G"  square  at  the  top  by  .4'"  deep.  The  material  accumulating 
in  them  is  drawn  off  periodically.  That  from  the  coarse  drums  is 
considerable,  and  goes  off  by  launders  to  the  fine  drums,  while  that 
from  the  fine  drums  is  small  in  amount  and  goes  to  sand  jigs.  The 
water  flowing  over  the  edge  of  the  funnels  is  led  in  the  first  case  by 
launders  to  series  of  spitzkasten,  but  in  the  second  case  it  goes  into 
clearing  tanks  under  the  floor. 

Of  ordinary  spitzkasten,  for  settling  the  slime  in  the  turbid  water 
from  the  zinc  funnels,  there  are  two  sets  outside  the  coarse  separa- 
ting-house  of  six  each,  and  two  sets  of  two  each  in  the  middle  and 
fine  crushing-house,  or  in  all,  26  spitzkasten.  In  size,  those  belong- 
ing to  coarse  separation  are  approximately  2.7'"X2.7'"  on  top  by  2.8" 
deep  each,  and  the  others  2.8" X  1.8""  on  top,  by  2.2"  deep.  None 
seem  to  have  been  placed  in  the  coarse  crushing-houses,  where  they 
are  equally  applicable. 

Of  classijiers,  there  are  in  the  stamping-house  four  sets  of  six- 
pointed  boxes  each,  and  in  the  auxiliary  washing-house  three  sets  of 
seven  each,  arranged  in  an  increasing  series.  The  first  is  the  small- 
est, the  next  below  is  double  in  size,  then  come  a  pair  which  together 
are  double  the  preceding  in  width,  and  finally  a  similar  pair.  In 
the  washing-house,  three  single  ones  come  first,  and  then  two  pairs. 
The  arrangement  in  the  two  cases  may  be  represented  as  follows: 

Stamping-House.  Auxiliary  Washing-House. 


Each  line  represents  a  classifying  box — in  form  an  inverted  pyra- 
mid. The  data,  as  to  their  dimensions,  can  be  drawn  from  the  plates 
which  appear  in  connection  with  this  paper.  As  only  rough  ap- 
proximations can  be  obtained  in  this  way,  they  are  consequently 
not  introduced  here.  These  classifiers  have  not  been  satisfactory, 
and  are  liable  to  be  supplanted  at  any  time.  This  is  the  apparatus 
that  was  invented  by  Meineke. 

The  last  apparatus  of  this  character  to  be  noted  are  the  Rittinger 
spitzkasten,  whose  introduction  in  the  Hartz  is  a  new  feature.  One 
set,  of  six  each,  takes  the  turbid  overflow  from  each  set  of  classifiers. 
There  are,  consequently,  4  sets  of  them  in  the  stamp-house,  and  3 
sets  in  the  auxiliary  washing-house.  Their  dimensions  are  2"X2°' 
on  top  and  1.8""  deep,  and  their  purpose  is  to  settle  and  classify  the 
slimes  for  the  buddies. 
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III.  Tlie  jigs,  buddies  and  tables,  and  a'pparatus  belonging  to  them. — 
The  jigs  in  these  works  form  a  very  important  and  extensive  portion 
of  the  concentrating  apparatus.  They  are  all  of  the  type  known  as 
Hartz  jigs,  and  with  but  few  changes  in  construction  and  methods  of 
use  represent  the  best  practice  in  this  region  for  the  last  10  years. 
(See  Plate  X.)  There  are  in  the  original  equipment  some  71  jigs  of, 
the  same  type,  varying  principally  in  the  number  of  sieves  and  pis- 
tons, the  number  and  length  of  strokes  per  minute,  the  method  of 
jigging,  the  size  of  mesh  and  the  method  of  discharge.  We  will  first, 
for  convenience,  notice  the  points  they  all  have  in  common,  and  then 
the  points  in  which  they  differ. 

They  are  all  stationary  sieve,  side-piston  jigs,  with  the  piston  in 
the  back  compartment,  and  the  sieve  on  which  is  the  material  to  be 
jigged  in  the  front  one.  These  compartments  are  separated  only  at 
the  top  and  connect  below.  They  are  all  provided  with  one  piston 
for  each  sieve,  and  each  sieve  receives  its  jigging  action  by  the  up- 
ward impulse  given  by  the  water  to  the  ore  on  it,  by  means  of  the 
piston  belonging  to  it.  They  are  ail  continuous-working  jigs,  both 
feed  and  discharge  being  continuous.  In  jigging  they  all  work  with 
the  down  stroke  of  the  piston  slightly  faster  than  the  up  stroke.  In 
all  of  the  jigs  the  water  is  introduced  either  directly  into  the  piston 
compartment  above  the  piston  or  into  the  same  compartment  from 
an  overflow-box  supplied  by  a  pipe  with  a  faucet  to  regulate  the 
flow. 

They  are  dissimilar  in  the  following  general  points  : 

(1.)  The  method  of  imparting  motion  of  the  proper  character  to 
the  piston  is  attained  in  two  ways.  The  first  method  is  common  to 
all  the  coarse  and  fine  jigs,  and  is  shown  in  side  elevation  in  Figs. 
31, 34,  and  41 ,  Plate  X.  On  the  end  of  the  driving  shaft  belonging  to 
the  jig  is  a  disc  on  which  a  connecting  rod  is  geared  eccentric.  This 
connecting  rod  engages  a  short  horizontal  lever,  which  fulcrums  on  a 
secondary  shafting,  allowing  its  end  to  move  up  and  down  as  the  con- 
nectins:  rod  rises  and  falls.  To  this  lever,  between  the  fulcrum  and 
the  power,  is  suspended  the  piston-rod  to  which  the  piston  is  hinged. 
The  length  of  the  stroke  depends  on  the  distance  the  connecting  rod 
is  placed  oiFthe  centre,  and  also  on  the  distance  from  the  fulcrum  at 
which  the  pi§ton-rod  is  attached.  The  other  method  is  shown  in 
Figs.  25  and  26,  and  is  used  with  many  of  the  sand  jigs.  It  con- 
sists in  connecting  the  piston-rod  directly  with  the  power  shaft  of  the 
jig  by  an  eccentric  at  the  top.    The  figures  explain  themselves.    The 
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first  is  indirect  and  adapted  for  longer  and  slower  strokes  than  the 
second.  By  both  methods  the  up  and  down  stroke  are  equal  in 
rapidity,  and  this  disposition  is  fairly  open  to  criticism,  as  the  best 
results  have  always  been  attained  theoretically  and  practically  by  a 
quick  down  stroke  and  a  slow  up  stroke.  (2.)  The  methods  of  con- 
tinuous discharge  are  of  three  diiferent  types.  The  first  is  repre- 
sented in  side  elevation  in  Fig.  23,  and  consists  of  the  well-known 
discharge  under  and  over  a  cap  and  sill.  The  cap  is  lowered  by 
thumb-screws,  so  that  only  the  concentrated  lowest  layer  on  the 
sieve  can  pass  into  the  inclined  launder  below  it,  built  into  the  body 
of  the  jig.  In  order  to  discharge  under  the  cap,  it  is  forced  to  rise 
over  the  sill  beneath  it,  thus  preventing  portions  of  the  upper  layer 
being  drawn  out  with  it.  Both  cap  and  sill  are  adjustable.  The 
upper  laN'cr  discharges  at  the  same  time  over  the  cap  to  a  second  sieve, 
on  which  the  same  thing  is  repeated,  or  in  case  of  a  one-sieved  jig  it 
discharges  at  once  into  its  appropriate  box.  The  second  method  is 
shown  in  side  elevation  on  the  first  sieve  of  Fig.  32,  marked  d.  It 
is  Wimmer's  once  favorite  invention  of  central  discharge,  of  which 
now  very  few  instances  remain  in  Clausthal.  It  consists  of  a  dis- 
charge pipe  projecting  slightly  above  the  centre  of  the  sieve,  and  sur- 
rounded by  an  adjustable  sleeve  or  cylinder  of  sheet  iron.  The  lower 
layer  on  the  sieve  discharges  continuously  under  the  sieve  and  over 
the  edge  of  the  pipe,  by  which  it  is  carried  to  its  bin  outside  of  the 
jig.  Its  action  is  similar  to  the  preceding,  which  indeed  takes  its 
rise  from  it.  The  third  method  of  discharge  is  common  to  all  the 
sand  jigs,  and  is  shown  equally  well  by  Figs.  26,  35  or  42.  In  these 
jigs  the  discharge  is  through  the  sieve,  which  consists  of  a  mesh  cov- 
ered by  abed  of  somewhat  coarser  pure  mineral.  The  heavier  par- 
ticles of  the  sands  jig  through  the  interstices  of  the  ore  layer,  and 
through  the  mesh,  and  arrive  in  the  hutch  from  which  they  are 
drawn  at  intervals  as  indicated.  The  upper  layers  go  over  a  simple 
sill  to  a  second  bedded  sieve,  as  in  Figs.  35  and  41,  on  which  the 
same  action  is  repeated,  or  at  once  discharged,  as  in  Fig.  25,  over  a 
sill.  (3.)  What  has  already  been  said  will  indicate  the  fourth  gen- 
eral diiference  in  the  jigs  to  be  a  difference  in  methods  of  jigging. 
The  first  method  is  jigging  on  the  sieve  for  coarse  and  fine  jigging, 
and  the  second  method  is  jigging  through  the  sieve  for  sand  jigging. 
These  two  methods  necessitate  the  different  methods  of  discharge, 
which  have  been  shown.  (4.)  The  manner  of  feeding  the  coarse  and 
fine  jigs  is  by  a  hopper,  as  shown  in  Figs.  23,  32,  35,  and  42,  but  the 
sand  jigs  are  fed  through  a  launder  as  shown  in  a,  Fig.  25,  through 
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which  the  sands  are  drawn,  mixed  with  water,  from  the  zinc  funnels 
or  classifying  boxes  directly  on  to  the  sieve. 

The  general  arrangement  of  the  coarse  jigs  is  shown  in  Figs.  22, 
23,  24,  which  illustrate  the  construction  of  a  two-sieved  coarse  jig. 
Each  compartment  of  the  jig  is  divided  at  the  top  into  two  parts  by 
a  partition  not  extending  to  the  bottom.  In  the  front  division  is 
the  stationary  sieve,  and  in  the  rear  one  the  piston. 

To  change  the  direction  of  the  current  given  to  the  water  by  the 
down  stroke  of  the  piston  with  least  loss  of  effect,  the  bottom  of  each 
jigging  compartment  or  the  hutch  is  made  V-shaped  by  boards  in- 
serted at  the  proper  angle.  This  serves  also  to  collect  the  fine  par- 
ticles which  are  produced  by  attrition  and  fall  through  the  sieve 
during  the  jigging.  This  fine  stuff,  commonly  called  the  hutchwork, 
is  always  produced,  and  is  discharged  periodically  through  a  hole 
in  the  bottom  of  the  hutch  by  raising  an  iron  rod  which  has  a  coni- 
cal plug  fitting  the  discharge  opening.  The  rod  goes  through  the 
short  division  wall  between  the  piston  and  the  sieve  in  the  upper  part 
of  the  jig-box  and  is  provided  with  a  handle.  The  different  jigging 
compartments  in  the  same  machine  communicate  only  at  the  top  above 
the  sieves.  The  sized  ore  arriving  on  the  sieve  through  the  slit,  a,  of 
the  hopper  is  jigged;  the  concentrated  lower  layer  goes  off  under 
the  cap,  6,  into  the  small  launder,  c,  which  discharges  it  at  d,  into  the 
collecting- box,  m,  at  the  side.  The  upper  layers  passing  over  the  cap 
arrive  at  the  second  sieve,  which  is  slightly  lower  than  the  first. 
They  are  jigged  on  this  sieve,  and  the  heavier  portion,  settling  in  a 
lower  layer,  discharges  continuously  under  the  cap,  e,  into  the  small 
launder,/,  which  conducts  it  into  the  receptacle,  n,  at  g.  The  upper 
layers  on  the  second  sieve  go  off  over  the  cap,  e,  and  fall  through  h, 
into  the  launder,  i,  which  conducts  them  to  the  collecting-box,  o.  In 
the  hutches  of  the  two  jigging  compartments  flills  continually  fine 
stuff,  which  is  produced  by  attrition  and  is  discharged  periodically. 
That  from  the  first  hutch  is  discharged  into  the  small  launder,  e, 
below  it,  shown  in  Figs.  22,  23,  and  24,  and  by  it  is  carried  to  the 
collecting-box,  r,  and  in  the  same  way  that  from  the  second  hutch  is 
carried  by  the  launder,  e',  into  the  collecting-box,  r'.  All  three  of  the 
receptacles  m,  n,  and  o,  for  the  reception  of  material  from  above  the 
sieve,  are  provided  with  sloping  bottoms,  and  have  on  the  front  side 
discharging  slides.  The  lower  half  of  the  sloping  bottom  of  these 
receptacles  is  water-tight,  but  the  upper  part  is  composed  of  a  finer 
mesh  than  that  of  the  jigged  material,  through  which  the  water  is 
continuously  drained,  flowing  off  down  an   inclined  partition  to  a 
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launder,  q,  beneath  the  jig,  which  delivers  into  a  launder,  t,  from 
which  it  is  discharged  into  the  clearing  tank,  it,  beneath  the  floor.  In 
the  same  wa}'  the  overflow  of  the  box,  r' ,  passes  by  a  cut  in  the  top  of 
the  partition  into  the  box,  r,  from  which  it  flows  off  through  the 
launder,  /,  into  the  clearing  tank,  u.  The  receptacles,  m,  n,  o,  r,  r' ,  are 
sufficiently  high  to  allow  of  discharge  into  cars.  In  the  works  there 
are  9  of  these  two-sieved  jigs,  and  4  one-sieved  jigs,  which  are  used 
for  rejigging  middle  products.  All  of  them  are  provided  with  large 
hoppers  into  which  the  sized  ore  is  dumped  from  the  upper  floor. 

The  fine  jigs  are  of  three  classes,  viz.,  two-sieved  jigs  with  partial 
central  discharge,  12  in  number,  for  stuff  between  4.22""  and  2.37"™, 
which  are  shown  in  Figs.  31,  32.  33;  two-sieved  jigs,  jigging  stuff" 
between  2.37""  and  1"",  7  in  number,  jigging  through  the  sieve, 
which  are  not  illustrated;  and  four-sieved  blende  jigs.  Figs.  41,  42, 
43,  which  jig  blendy  stuff"  of  2.37""  to  1"",  through  the  sieve  into 
the  hutch.  In  the  two-sieved  jigs  with  partial  central  discharge. 
Figs.  31,  32,  33,  the  concentration  on  the  first  sieve  discharges  under 
a  sleeve  in  the  centre  into  a  pipe  which  carries  it  into  the  receptacle  c. 
The  upper  layers  pass  over  a  sill  to  the  second  sieve,  from  which  the 
concentration  is  discharged  under  the  cap,/,  into  the  receptacle,  m, 
and  the  remainder  passes  over  the  cap  into  the  receptacle,  I.  The 
hutchwork  goes  by  launders  below  into  the  box,  n.  In  this  case  the 
water  drains  from  c  and  m,  as  before,  by  means  of  screens  and 
launders  into  the  clearing  tank,  but  the  overflow  from  I,  passes  by  a 
screen  into  n',  from  which  the  overflow  discharges  by  two  launders 
into  the  clearing  tank.  These  jigs  are  evidently  old  dispositions, 
and  not  nearly  as  well  arranged  as  the  more  recent  ones,  of  which 
Figs.  22,  23,  24  are  a  type. 

The  four-sieved  blende  jigs  were  put  in  as  an  experiment,  and  they 
are  certainly  a  departure  from  the  usual  Hartz  practice.  There  is  no 
reason,  however,  why  they  should  not  do  well,  for  although  a  four- 
sieved  jig  is  a  novelty  in  the  Hartz,  four-sieved  jigs  have  long  been 
used  successfully  at  Silberau,  near  Ems,  and  at  Breinigerberg,  near 
Stollberg.  At  Dieppenlinchen,  near  Stollborg,  five-sieved  jigs  even 
have  given  satisfaction  for  sands,  and  the  blende  stuff"  jigged  on  the 
four-sieved  jigs  at  Clausthal  would  fairly  fall  under  the  head  of  sands 
according  to  the  old  classification.  These  four-sieved  blende  jigs 
are  represented  by  Figs.  41,  42,  43,  and  treat  blendy  stuff"  between 
2.37""  and  1"",  jigging  through  a  sieve  bed.  The  pure  schlich  from 
the  first  hutch  goes  by  a  launder  into  the  box  b;  the  middling  from 
the  second  hutch  goes  to  the  box  c;  the  pure  blende  from  the  third 
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hutch  discharges  into  d;  the  middling  from  the  fourth  hutch  dis- 
charges into  e,  and  the  clear  rock  from  above  the  four-inch  sieve 
discharges  into  the  box  /.  The  overflow  from  6,  c,  d  passes  into  g, 
from  which  it  is  led  by  two  launders  to  the  clearing  tank,  while  that 
from  e  and  /  is  drained  oif  by  screens,  and  goes  by  two  launders  to 
the  same  place. 

The  last  class  of  jigs  are  the  sand  jigs  proper  for  stuff  under  1""", 
all  of  which  jig  through  a  sieve  bed.  They  are  of  one,  two,  and  three 
sieves,  respectively,  of  which  only  the  one-sieved  machine  is  illus- 
trated in  Figs.  25,  26,  27,  which  needs  but  little  explanation.  The 
hutch  work  goes  off  into  c,  from  which  tiie  overflow  goes  into  the 
second  box,  c,  and  then  into  settling  boxes  d  d  and  c.  The  water 
and  lighter  stuff  goes  off  over  e  into  the  pipe  /.  The  various  data 
concerning  these  jigs  have  been  collected  by  me  into  the  accom- 
panying table  for  purposes  of  reference. 

It  \Y]\\  be  noticed  that  in  jigging  none  of  the  jigs  are  given  more 
than  130  strokes  a  minute.  In  Siegen  and  other  localities  as  many 
as  300  strokes  per  minute  have  been  used  in  sand  jigging  with  re- 
ported good  results.  It  is  proposed  to  double  the  number  of  sand 
jigs  in  the  stamping-house  and  auxiliary  washing-house.  As  has 
been  remarked  the  whole  system  might  be  changed  in  these  two 
houses  with  good  results. 

IV.  It  now  remains  only  to  S])eak  of  the  buddies  and  tables.  All 
the  buddies  in  the  stamp-house  are  convex  buddies  arranged  in  pairs, 
an  upper  and  a  lower  one  overlapping,  and  on  separate  shafts.  The 
upper  one  is  3"  in  diameter,  and  the  lower  one  4|™  in  diameter.  The 
middling  from  No.  1  or  the  upper  one  is  retreated  on  No.  2,  the 
lower  one.  In  the  auxiliary  washing-house  the  buddies  are  arranged 
in  triplets  by  placing  a  concave  buddle  above  the  upper  convex  one 
on  the  same  axis.  The  lower  one  is  convex  as  in  the  stamp-house. 
The  dimensions  are  the  same.  This  arrangement  gives  great  satis- 
faction on  account  of  its  finer  work,  and  it  is  probable  the  buddies 
in  the  stamp-house  will  be  altered  in  the  same  way.  There  are  four 
sets  of  double  buddies  in  the  stamp-house,  and  three  sets  of  triple 
ones  in  the  auxiliary  washing-house.  The  tables  are  of  the  non- 
continuous  Planherd  pattern,  of  which  no  details  are  at  hand. 
Experiments  have  recently  been  made  with  Rittinger's  shaking- 
tables,  but  no  result  has  been  rej)orted.  The  introduction  of  a  large 
number  of  Rittinger  tables,  with  glass  beds,  would  seem  very 
desirable.  By  their  use  such  extensive  sand  jigging  would  no  longer 
be  necessary. 
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In  the  stamp-house  and  auxiliary  washing-house  the  labyrinths 
are  used  for  settling  the  slimes  from  the  turbid  water  of  the  sand 
jigs.  They  are  of  the  usual  Hartz  type,  and  consist  of  series  of  long 
deep  boxes  built  side  by  side,  and  communicating  at  each  end  by 
cuts  in  the  side  wall.  There  are  eight  of  them  in  the  stamp-house 
of  eleven  boxes  each,  and  six  of  them  in  the  auxiliary  washing-house 
of  twelve  boxes  each.  The  circulation  in  each  set  is  25" — 30™  in 
length. 

ECONOMICAL    RESULTS    OF   THE    DRESSING. 

In  conclusion,  we  will  consider  the  practical  results  that  have  been 
attained  from  the  dressing  of  ores  in  these  works.  Since  they  were 
started  careful  detailed  accounts  are  said  to  have  been  kept  of  the 
various  dressing  operations,  and  of  the  working  of  the  various 
machines.  These  accounts  show  the  amounts  fed  to,  and  discharged 
from  each  operation,  with  careful  analyses  of  the  products.  Figures 
from  these  accounts  will  probably  find  publication  from  time  to 
time  in  the  pages  of  the  Zeifschrift  fur  Berg-Hiitten-und  Salinen 
Wesen,  which  is  the  government  organ,  and  in  which,  in  addition  to 
the  careful  paper  of  Mr.  Kutscher,  the  engineer  of  the  works, 
various  data  as  to  experiments  and  changes  in  the  works  have 
already  appeared.  As  continuous,  systematic,  careful  accounts  have 
never  been  kept  of  the  operations  of  ore-dressing  on  so  large  a  scale, 
if  at  all,  except  for  experiments,  the  most  valuable  results  may  be 
expected  from  them.  One  very  practical  result  will  be  the  basis 
they  will  afford  for  careful  and  frequent  comparative  experiments, 
and  the  great  addition  they  will  make  to  the  accurate  figures  con- 
cerning ore-dressing.  It  does  not  seem  a  very  wild  prediction  to 
anticipate  as  a  not  distant  result  of  the  accumulation  of  such  figures 
the  radical  alteration  of  the  whole  method  of  treating  sands  and 
slimes  in  this  establishment. 

The  only  exact  figures  thus  far  published  for  these  works  are  for 
five  months  in  the  year  1875.  During  that  period  18,300  cubic 
meters  of  ore  were  treated,  which  were  accounted  for  by  the  follow- 
ing products: 


Cubic 

Cubic 

meters. 

meters. 

Ore  containing  71  percent., 

13,000 

Ore  containing  1.8  per  cent., 

3.S0 

"             "           15         " 

2,740 

"             "             .11     " 

21 

(1                   u                 g             u 

1,450 

Total,      . 

.... 

.    17,541 

This  showed,  therefore,  for  five  months,  a  total  dressing  loss  of 
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759  cubic  meters,  or  4,14  per  cent,  of  ore  which  passed  off  unac- 
counted for.  It  was  probably  lost  in  two  ways  :  (1)  some  of  it 
went  oft"  still  suspended  in  the  water  leaving  the  works.  If  we  sup- 
pose 15  cubic  meters  of  water  leaving  the  works  per  minute,  this 
would  give  about  ^o  ^^  ^  pound  of  material  suspended  in  every 
cubic  meter  of  water  leaving  the  works  for  five  months.  Part  of 
it,  however,  was  (2)  in  the  ore  thrown  away  in  hand-picking,  and 
contained  in  the  tailings  from  the  jigging  houses.  The  average  of 
many  analyses  made  show  the  following  percentage  of  galena  to  be 
contained  in  the  barren  material  sent  to  the  dumping-ground,  and 
in  the  slimes  going  off  suspended  in  the  waste  water  or  thrown  away  : 

Galena. 

1.  Dumped  material  from  hand-picking  and  jigging,     .         .         0.84  per  cent. 

2.  Tailings  from  buddies  and  tables, 1.03         " 

3.  Slime  suspended  in  waste  water,         .....         0.875       " 

To  even  partially  recover  that  contained  in  the  first  class  coming 
from  hand-picking  and  jigging  would  necessitate  further  reduction 
by  rolls  or  stamps  for  the  respective  classes,  and  further  handling  by 
jigs,  buddies,  tables,  etc.  It  is  very  properly  considered  that  the 
expense  of  recovering  it  would  exceed  its  value.  It  seems  probable 
that  the  figure  for  the  second  class  of  loss  might  be  materially 
reduced  by  laying  down  more  perfect  apparatus  than  their  present 
buddies  and  tables.  The  figure  for  the  third  class  they  expect  to 
reduce  by  increasing  the  number  of  slime  and  clearing  pits,  and 
have  probably  done  so  already. 

From  these  analyses  they  reckon  the  absolute  dressing  loss  in 
galena  during  5  months  at  4083  centners  (204  tons),  which  they 
distribute  as  follows : 

Galena  contained. 

1.  Dumped  material  from  hand-picking  and  jigging,       .         .         576  centners. 

2.  Tailings  from  buddies  and  tables, 3347         " 

3.  Slime  suspended  in  waste  water,  ......         160         " 

But  they  obtained  43,552  centners  (2122)  tons  of  the  galena  in 
the  ore  in  a  concentrated  form.  The  dressing  loss,  therefore,  referred 
to  galena  in  the  ore  alone,  was  equal  to  9.375  per  cent.,  or,  as  before 
stated,  4.14  per  cent.,  if  referred  to  the  total  ore.  They  profess  to 
be  very  well  satisfied  with  this  result,  and  may  well  be  so,  for  their 
figures  show  close  work.  They  propose,  however,  to  better  these 
figures,  and  the  amount  of  galena  contained  in  the  tailings  from 
their  buddies  and  tables  point  clearly  to  a  very  necessary  change  of 
method  and  apparatus. 
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JET  PUMPS  FOB    CHEMICAL  AND   PHYSICAL  LABO- 

BATOBIES. 

BY  ROBERT  H.  RICHARDS,  PROFESSOR  OF  MINING,  MASSACHUSETTS 
INSTITUTE   OF  TECHNOLOGY,  BOSTON. 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

During  the  winter  of  1868-9,  I  was  called  upon  by  Professor  F, 
H.  Storer,  to  put  up  the  Bunseu  filter  pump  in  the  chemical  laboratory 
of  the  Massehusetts  Institute  of  Technology.  As  the  laboratory  is  on 
the  lower  floor,  it  was  found  necessary  to  use  a  great  deal  of  cumbrous 
pipe  and  apparatus  to  get  the  necessary  column.  It  was  then  sug- 
gested that  if  an  instrument  could  be  devised  which  would  make  use 
of  the  hydrant  pressure  in  the  service-pipe,  it  would  do  away  with 
the  objectionable  features  of  the  Bunsen  pump. 

After  using  the  Bunsen  pump  for  some  years,  the  jet  pump  to  be 
described  in  this  paper  was  devised,  and  it  has  since  been  adopted  by 
Prof  Wing  in  the  quantitative  laboratory  of  the  school.  I  am  much 
indebted  to  Prof.  Wing  for  his  aid  in  starting  the  manufacture  in 
brass  of  these  jet  pumps,  which  are  now  to  be  had  in  Boston. 

The  jet  pump  much  resembles  the  Giffard  injector  in  form.     It 

differs  from  it  in  the  fact  that  water  is  the  impelling  fluid,  and  air 

the  impelled,  while  with  the  injector  steam  is  used  to   impel  water. 

The    principle    of   condensation   of  steam,    which    is 

availed  of  in  the  injector,  is  entirely  wanting  in  the 

jet  pump. 

The  jet  pump  consists  in  a  water  jet,  iv,  (see  figure), 
a  constriction  or  waist,  a,  and  a  waste  tube,  o. 

The  success  of  the  jet  pump  depends  on  the  follow- 
ing conditions : 

1.  The  relation  between  the  sizes  of  sectional  area 
of  a  and  w. 

2.  The  proximity  of  a  and  w. 

3.  The  form   and   angle  of  the   two  hollow  cones 
whose  vertices  make  the  constriction  a. 

4.  The  relative  size  of  sectional  area  of  w  and  o. 

5.  The  zigzags,  or  an  equivalent  means  of  making 
foam. 

In   the  following  discussion,  let  a,  w,  aild  o  repre- 
sent the  diameters  of  these  parts  of  the  jet  pump. 
A  number  of  experiments  were  tried  to  ascertain 
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what  was  the  best  relation  between  w  and  o,  from  whicli  it  was  de- 
cided that  when 

w^:  o2__  2  :   15 

a  good  foam  was  produced  in  o,  but  if  the  proportions  were  much 
increased,  the  foam  ceased  to  fill  the  bore  of  the  tube,  and  the  pump 
ceased  to  work. 

The  zigzag  bends  or  some  equivalent  means  of  lashing  the  water- 
jet  into  foam,  are  needed  to  start  the  operation  of  the  pump,  for 
without  them,  the  water-jet  would  come  through  a  and  o,  intact  as 
a  cylinder  of  water,  and  would  escape  at  the  outlet  without  doing 
any  work,  but  by  breaking  the  jet  into  foam,  a  partial  exhaustion  is 
at  once  made  in  the  vacuandum,  which  causes  the  foam  to  rush  back 
to  a,  and  as  soon  as  this  is  accomplished,  the  jet  pump  begins  to 
operate  in  good  earnest,  and  the  issue  between  the  water  and  air  takes 
place,  as  it  should  do  at  a. 

The  angle  of  the  cones  was  determined  by  running  a  jet  of  water 
into  a  beaker  of  water,  the  jet  being  held  just  above  the  surface  of 
the  water,  the  diverging  angle  of  the  foam  resulting  was  carefully 
measured,  and  was  found  to  be  from  14°  to  17*^,  and  not  to  vary 
with  the  pressure  of  the  water  in  the  jet.  Accordingly,  the  waist  is 
now  made  of  two  cones,  with  an  angle  of  17°  each.  As  to  the  prox- 
imity of  a  and  w  in  small  jet-pumps,  about  J  inch  was  found  best, 
but  while  it  was  not  found  that  any  one  distance  was  better  than 
all  others,  it  was  clearly  demonstrated  that  this  distance  should  not 
be  too  great,  else  the  water-jet  will  lose  its  identity  before  it  gets  to 
a,  and  the  pump  will  fail  to  work. 

To  determine  the  relative  sizes  of  iv  and  «,  that  would  do  the  best 
work,  a  large  number  of  careful  experiments  were  tried,  with  differ- 
ent ratios,  of  a^ :  w'^,  and  with  different  pressures  of  water,  anil  from 
these  experiments,  the  conclusion  was  reached,  that  to  make  the 
best  average  jet  pump  to  do  average  work  with  average  water 
pressures,  the  ratio  between  the  two  should  be 

7/;^ :  a^  =  1  :  2 

Accordingly,  the  jet  pumps  now  made  in  Boston,  are  of  this  pro- 
portion. 

The  jet  pump  may  be  used  either  as  an  air  pump  for  exhaust,  or 
as  a  blower.  When  used  as  an  exhaust,  it  is  simply  screwed  to  the 
hydrant,  and  the  vacuandum  is  attached  to  the  side  tube,  where  the 
air  enters  by  rubber  tube. 

The  jet  pump  may  be  used  very  well  to  aerate  fresh  water  aquaria 
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Water 


by  conducting   the  foam  in   the   waste-pipe  to    the  bottom  of  the 

tank. 

When  used  for  a  blast,  it  requires  an  additional  piece  of  apparatus 

(see  figure)  which  will  serve  to  separate  the  air  and  the  water  from  one 

another,  delivering  the  air  to  the 
blast  lamp  and  the  water  to  the 
drain.  The  dimensions  of  this 
cylinder  are  all  given  in  inches  in 
the  figure. 

Thus  far  I  have  devoted  my- 
self to  the  description  of  the  ap- 
paratus, simply  stating  that  cer- 
tain points  had  been  proved, 
by  experiment.  The  paper,  how- 
ever, would  not  be  complete  un- 
less some  of  the  more  important 
experiments  were  alluded  to. 
Among  them,  those  most  worthy 
of  notice  were  made  to  ascertain 
the  best  relation  of  sectional 
areas  between  w  and  a.  At  the 
outset,  it  was  assumed  that  the 
contest  which  takes  place  at  a,  be- 
tween the  water  at  a  pressure  of 
P.  and  the  air  at  a  pressure  of  p. 
(=766mm.)  was,  when  the  vacu- 
um had  been  obtained,  in  the 
nature  of  a  statical  balance  of 
powers,  and  that  it  would  be  ex- 
pressed by 

P       a^ 

PX-MJ^^pXa'  or  —-- 


where  P  =  water  pressure  per  sq.  in.,  p 


p  ?6" 

air  pressure  per  sq.  in.,  lo 
is  diameter  of  the  water-jet,  a  is  diameter  of  the  waist  or  air-constric- 
tion, and  o  diameter  of  the  zigzag  waste-tube. 

The  following  experiments  were  made  with  the  intention  of  prov- 
ing or  disproving  this  theory: 

Seven  jet  pumps  were  very  carefully  made  in  series  of  glass,  hav- 
ing a'-.tc^  varying,  as  will  be  seen  in  the  table  below : 
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Table  I. 


w. 

a. 

0. 

Ratio 

No.  I,  .     .     .     . 

inches. 

inches. 

inches. 

vf'-.a'' 

.068 

.068 

.250 

I  :  I 

"       2,  .       . 

.0612 

•075 

.240 

l:iy2 

"     3.  •     • 

•055 

.078 

.230 

I  :  2 

"     4.  .     • 

.052 

.090 

.230 

I  :  3 

"     5.  •     • 

■0425 

.085 

.250 

I  :  4 

"     6,  .     . 

.040 

.090 

.270 

I  :  5 

"     7,  •     • 

•0635 

.246 

■254 

I  :  15 

These  dimensions  were  all  taken  with  the  utmost  care,  with  the 
Brown  &  Sharpe  micrometer  gauge,  and  I  feel  sure  that  the  error 
does  not  exceed  .002  of  an  inch,  and  probably  in  most  cases  is  less 
than  .001  inch. 

These  jet  pumps  are  all  of  them  capable  of  giving  very  nearly  the 
vacuum  less  the  tension  of  aqueous  vapor,  provided  they  have  enough 
water  pressure,  and  it  stands  to  reason  that  each  jet  pump  will  have 
its  own  limiting  water  pressure,  that  is  to  say,  a  pressure  below 
which  it  will  not  produce  its  best  vacuum.  Experiments  were  made  to 
ascertain  the  limiting  pressures  for  the  above  jet  pumps.  The  limits 
obtained  for  all  but  No.  7  are  as  follows : 


Table  II. 


Eatio 

lir 

P. 

Limiting 

Height 

of 

tv-  :  a^ 

tension. 

pressure. 

Barometer. 

mm. 

mm. 

mm. 

No.  I,  .     .     .     . 

I  :  I 

741  >^ 

1448 

764 

"     2,  . 

l:l>^ 

743 

1457 

766 

"     3.  • 

I  :  2 

741 

1608 

762 

"     4,  • 

I  :  3 

734^ 

2292 

764 

"     5.  • 

I  :  4 

738 

2378 

764 

"     6,  . 

I  :  5 

734 

2774 

762 

"     7,  . 

I  :  15 

17s 

2301 

764 

The  limiting  water  pressure  is  expressed  in  terms  of  the  number 
of  mm.  mercury  that  would  balance  it.  This  method  of  recording 
was  employed,  in  order  to  bring  the  water  pressure  =  P  into  the 
same  denomination  as  the  air  pressure  =  p. 

The  above  figures  then  should  give  us  the  means  of  ascertaining 
if  our  formula, 

PXw'  =  pXa2, 
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is  true ;  for  we  have  the  ratio.s  of  a' :  ?x''  as  they  were  made  in  seven 
jet  pumps,  and  we  liave  also  the  amount  of  water  pressure  required 
to  balance  a  certain  air  pressure.  By  computing  the  ratios  of  air 
pressure  to  water  pressure,  we  get  the  following  table  for  comparison  : 

Table  III. 


No.  I,  .     .     .     . 

Actual  ratio 
.        p.:  P. 
air  pressure :  wa- 
ter pre.ssure. 

Ratio  of 

Difiference  be- 
tween pressure 
and  area  ratios. 

1-954 

I. 

-\-  -954 

"       2,  .       .       .       . 

"     3>  •     •     •     . 
"4 

1. 961 
2.170 
3.120 

1-5 
2. 

3- 

+  .461 
+  -170 
-f  .120 

"     5,  •     •     .     . 
"     6,  .     .     .     . 

3.220 
3763 

4- 

5- 

—  .780 
— 1.207 

"     7,  •     •     .     . 

13.148 

15- 

—1.852 

From  the  above  table  it  would  at  first  appear  that  there  was  a 
systematic  error  which  is  a  maximum  in  positive  direction  in  No.  1, 
and  in  negative  direction  in  No.  7,  and  passes  by  the  stage  of  no 
error  at  all  between  Nos.  4  and  5.  This  apparent  anomafy  can,  I 
think,  be  perfectly  explained,  however,  by  referring  it  to  two  opposing 
causes,  one  of  which  gets  the  upper  hand  with  the  first  set  of 
numbers,  while  the  other  does  the  same  with  the  last.  The 
first  of  these  forces  is  friction  which  serves  to  lessen  the  effective 
water  pressure.  The  second  is  an  additional  atmosphere  of  pressure 
which  is  called  into  play  as  soon  as  the  approximate  vacuum  is 
obtained,  and  which,  while  it  does  not  show  on  the  water-pressure 
gauge  at  all,  nevertheless,  does  exi.st  and  add.s  to  the  water  pressure 
nearly  a  whole  atmosphere  above  that  which  is  recorded  on  the 
gauge.  Ample  evidence  of  the  presence  of  this  atmosphere  may  be 
obtained  by  testing  the  amount  of  water  which  passes  through  a  jet 
pump  when  there  is  no  exhaustion,  and  again  when  it  is  atti^ched  to 
a  vacuous  receiver.  It  will  be  found  that  when  attached  to  the 
vacuous  receiver,  it  invariably  discharges  much  more  water  than 
when  it  is  not,  even  though  the  water  gauge  remains  the  same. 

Our  formula  should,  tlierefore,  be  written, 
t^_P  +  p  — f 
a-  ]) 

If  we  solve  this  equation  for  the  different  jet  pumi)s  as  recorded 
in  Table  II,  and  obtain  values  for  f,  we  shall  obtain  the  following 
table,  which  probably  expresses  the  real  relations  of  the  forces  more 
correctly  than  does  Table  III. 
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Table  TV. 


Ratio 

Value  of  f 

P+P. 

P- 

Ratio 
w"- :  a- 

P+p-f 
P- 

rcqniri  d  to 
realize  bist 
•  column. 

ram. 

nira. 

mm. 

No.  I,  .     .     .     . 

2189.5 

74i>^ 

I  :  I 

I  :  I 

+  1448. 

"       2, 

2200. 

743 

I  :  I'/ 

I  :   1)4 

+  10S5.5 

3' 

2349- 

741 

I  :  2 

I  :  2 

+  867. 

"     4, 

3026.5 

734X 

I  =  3 

I  =  3 

+  823. 

"     5> 

3116. 

738 

I  :  4 

I  :4 

+  164. 

"     6, 

3508. 

734 

I  :  5 

I  :  5 

— 162. 

"     7, 

2476. 

175 

I  :  15 

I  :  15 

That  the  last  item  comes  a  negative  quantity  (—162)  is  against  the 
theory  of  the  two  opposing  forces,  but  it  is  not  unlikely  that  it  may 
be  an  error  due  to  a  lack  of  perfect  centring  of  the  jet  or  some  other 
such  cause. 

Tests  were  made  to  ascertain  the  relative  amounts  of  air  and  water 
that  passed  through  the  different  sizes  of  aspirator,  the  air  being  held 
at  about  76  mm,  tension.     The  results  are  as  follows : 

Table  Y. 


Ratio,  air   t 

Tension  of 

Pressure 

Time. 

Amount 

Amount 

volume  to  1 

air. 

of  water. 

of  air. 

of  water. 

water 

volume. 

mm. 

mm. 

minute. 

cc. 

cc. 

1 

No.  I,  .     .     .     . 

76 

787 

512 

1837 

3-588  ! 

"     2,  .     .     .     . 

76 

639 

335 

1390 

4.015 

0.  • 

76 

771 

578 

1227 

2.123 

"    4,  .     .     .     . 

120 

1686 

900 

1644 

1.826 

"     5>  -     •     -     - 

98 

1749 

634 

I016 

1.602 

"6 

76 

2133 

757 

lOIO 

1.466 

Another  series  of  tests  with  the  air  at  414  mm.  tension  is  as  fol- 
lows : 

Table  YI. 


Ratio,  air 

Tension  of 

Pressure 

Time. 

Amount 

Amount 

volume  to 

air. 

of  water. 

of  air. 

of  water. 

water 

volume. 

mm. 

mm. 

minute. 

cc. 

cc. 

No.  I,  .     .     .     . 

414 

1 1 25 

332 

2266 

6.825 

"     2,  .     .     .     . 

414 

977 

182 

1840 

lO.IIO 

"     3,  -     •     •     • 

414 

1 109 

225 

1469 

6.524 

"     4,  •     -     •     - 

414 

1980 

3S3 

1754 

4-551 

"     5.  -     •     •     • 

414 

2065 

J 

470 

1 108 

2-351 

"     6,  .     .     .     . 

414 

2467 

, 

520 

1160 

2-357 

1 

-32 
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From  which  it  appears  that  the  higher  ratios  of  iir:o?  are  much 
more  economical  in  water,  provided  a  proportionally  higher  pres- 
sure of  water  is  accessible. 

A  trial  was  made  with  aspirator  No.  6  {w- :  a^  =  1  :  5),  to  ascertain 
how  long  it  would  require  to  exhaust  the  air  in  a  vessel  of  known 
size.  A  bottle  having  some  water  at  the  bottom,  but  with  1145  cc. 
air  space  above  the  water,  was  used.  Before  the  test,  the  jet  pump 
drew  the  mercury  up  to  739  mm.  in  two  minutes.  AVhen  attached 
to  the  bottle  of  1145  cc.  capacity,  its  times  were  as  follows : 

Table  VII. 


Pressure 
water. 

Time. 

Exhaustion  of 
bottle. 

Ill  111 . 

miuutes. 

mm. 

2774 

I 

460 

2774 

2 

549 

2774 

3 

633 

2774 

4 

676 

2774 

5 

703 

2774 

lO 

734 

2774 

20 

739 

The  water  was  effervescing  quite  briskly  at  the  end.  A  flask 
twice  as  large  would  require  twice  as  long  to  produce  the  same 
eifect. 

The  following  tests  were  made  to  ascertain  the  maximum  exhaus- 
tion that  the  aspirators  would  give: 

Table  VIII. 


Temp. 

Air 
tension. 

Add. 

Sum 

Height 

Error  of 

Water 

of 

tension 

liist  two 

baroni. 

tlie  in- 

pressure 

water. 

aq.  vapor. 

columns. 

at  time. 

strument. 

required. 

mm. 

mm. 

mm. 

ram. 

mm. 

mm. 

No.  I,  .     .     .     . 

74° 

744 

21.7 

765.7 

767.2 

I-S 

2544 

"     2,  .     .     .     . 

73K° 

744 

21.39 

765-39 

767.2 

1. 81 

2544 

74° 

744 

21.70 

765-7 

767.2 

1.50 

2647 

"4 

73° 

74i>^ 

21.09 

762.59 

767.2 

5-" 

2644 

"     5.  •     •     •      • 

73° 

738)^ 

21.09 

759-59 

764. 

4.41 

2378 

"     6,  .     .     .     . 

72° 

734 

■  20.47 

754-47 

762. 

8-53 

2774 

Tables  Nos.  V,  VI,  and  YIII  indicate  that  while  the  higher 
ratios  (viz.  No.  5)  yield  larger  quantities  of  air  relatively  to  the  water, 
they  do  not  produce  so  perfect  an  exhaustion. 

I  am  aware  that  others  have  made  jet  pumps  to  work  on  air  with 
water,  but  I  feel  sure  they  will  find  some  novelty,  and  I  hope  some 
information  in  this  paper. 


ON  "bucksuot"  iron. 
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ON  "BUCKSHOT'^  IRON. 

BY  F.    P.    DEWEY,   NEW  HAVEN,   CONN. 

(Read  at  Amenia  Meeting,  October,  1877.) 

At  the  Wilkes-Barre  Meeting  of  the  Institute,  Dr.  J.  Lawrence 
Smith,  in  tlie  course  of  his  remarks  on  some  peculiarities  in  the  com- 
position of  irons,  alluded  to  the  so-called  "buckshot"  iron,  and 
exhibited  a  specimen  of  this  material.  He  said  that  when  the  small 
grannies,  or  shot,  were  separated  from  the  mass,  they  could  be  flat- 
tened under  the  hammer,  and  inferred  that  these  particles  had  been 
decarburized  by  the  blast  before  sinking  into  the  hearth  of  the  fur- 
nace, and  thus  we  had  the  exceptional  pi-oduction  of  wrought  iron  in 
the  blast  fui'nace. 

I  have  recently  obtained  a  characteristic  specimen  of  this  variety 
of  iron  from  one  of  the  furnaces  at  Orbisoua,  Pa.  Considerable  un- 
certainty existed  as  to  its  true  nature  and  the  conditions  of  its  pro- 
duction. Its  weight  seemed  to  preclude  the  idea  that  it  contained 
much  or  any  slag,  yet  its  lack  of  strength  indicated  that  it  was  not 
homogeneous  cast  iron.  At  times  considerable  quantities  had  been 
produced,  which  could  only  be  utilized  by  charging  in  the  furnace  and 
remelting.  The  specimen,  on  the  freshly  fractured  surface,  appeared 
to  consist  of  flattened  globules  of  iron  cemented  together  by  a  bluish 
material  which  one  would  naturally  suppose  to  be  slag,  and  qualita- 
tive examination  for  lime  strengthened  this  supposition. 

It  was  quite  difficult  to  obtain  drillings,  as  there  was  a  tendency 
to  split  in  several  directions  as  soon  as  pressure  was  applied ;  but 
enough  was  obtained  to  undertake  quantitative  determinations.  They 
were  found  to  consist  of  two  portions — one  attracted  by  the  magnet, 
and  the  other  not.  By  repeated  separation  the  magnetic  portion  was 
found  to  be  94.44  per  cent.,  and  the  non-magnetic  5.56  per  cent. 

Analyses  of  these  gave  the  following  results  : 


Magnetic  Portion. 


Graphite,    . 
Combined  carbon, 
Silicon, 
Phosphorus, 
Sulphur,     . 
Copper, 
Manganese, 
Iron  (by  dif.).,  . 


Per  cent 

.  3.430 

.  0.260 

.  2.790 

.  0.412 

.  0.292 

.  0.110 

.  0.500 

.  9 -'.206 

100.000 


Non-magnetic 

Portion. 

Per  cent. 

Lime,    . 

.      71.41 

0  =  24.028 

Magnesia 

, .     trace. 

Protox.  c 

f 

iron, 

.     trace. 

Sulphide 

of 

calcium 

3.87 

S 

=  1.72  0  =  3.440 

27.468 

Silica, 

.     24  62 

0=13.131 

09.90 
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Considering  the  sulphur  to  replace  oxygen  in  the  lime  of  the  sili- 
cate, the  oxygen  ratio  of  the  base  to  the  acid  is  2.09 : 1  or  2 : 1 ; 
whence  the  formula  (R"0)4Si02.  The  ratio  between  the  oxygen  of 
the  lime  and  the  oxygen  equivalent  of  the  sulphur  in  the  sulphide  is 
7.09  :  1  or  7  :  1 ;  hence  the  full  formula  should  be  (CaO^+CaS 8)48102. 

A  large  number  of  separate  globules  were  treated  with  hydrochloric 
acid,  but  none  failed  to  leave  a  carbonaceous  residue.  From  these 
experiments  the  specimen  examined  is  shown  to  be  a  mixture  of 
ordinary  carburized  iron,  and  a  highly  basic  subsilicate  of  lime,  and 
its  production  is  doubtless  caused  by  an  excess  of  lime  in  the  charge, 
a  thick  and  semifluid  slag  being  thereby  formed  which  does  not  allow 
the  perfect  separation  of  the  iron.  While  it  is  not  impossible  that 
the  iron  in  the  product  of  such  an  abnormal  furnace  process  may 
sometimes  be  partially  decarburizcd,  it  is  not  necessary  to  assume 
this  decarburization  to  explain  the  formation  of  this  product. 

For  the  determination  of  the  total  carbon,  A.  S.  McCreath's  method 
of  decomposing  the  pig-iron  with  cupro-ammonic  chloride  and  com- 
bustion of  the  residue  in  chromic  acid*  was  used,  and  for  the  graphite 
treatment  by  boiling  for  half  an  hour  in  nitric  acid,f  and  combustion 
of  the  residue,  as  before,  in  chromic  acid.  The  sulphur  was  determined 
by  Dr.  Drown's  method  of  using  potassic  permanganate  to  absorb  the 
hydric  sulphide  J  evolved  by  the  action  of  hydrochloric  acid. 


BEPOET  ON  A  STAND ABD  WIBE  GAUGE. 

(Bead  at  the  Ainenia  Meeting,  October,  1877.) 

The  Committee  on  a  Standard  Gauge  have  been  constantly  en- 
gaged, since  their  appointment,  in  the  duties  assigned  to  them.§ 
They  have  corresponded  with  different  persons  interested  in  the 
manufacture  and  use  of  gauges  in  this  country,  and  have  received 
from  several  of  them  important  information. 

They  have  also  entered  into  correspondence  with  the  governments 
of  England,  France,  Germany,  and  Russia  through  their  Consuls, 
and  with  Austria  directly.     The  Consuls  of  Germany  and  France 

*  Transactions,  Vol.  V,  p.  575.  f  Transactions,  Vol.  Ill,  p.  43. 

%  Transactions,  Vol.  II,  p.  224.  g  See  Transactions,  Vol.  V,  p.  48. 
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have  taken  the  o-reatest  interest  in  the  matter,  and  have  eonimnni- 
cated  to  your  committee  a  large  amount  of  vahiable  information  re- 
lating to  the  gauges  used  in  their  countries.  Prof.  Tunner,  of  Leoben, 
Austria,  one  of  our  honorary  members,  has  communicated  informa- 
tion relative  to  the  uses  of  gauges  in  Austria.  The  replies  to  the 
communications  addressed  by  the  English  and  Russian  Consuls  to 
their  respective  governments,  have  not,  as  yet,  been  received. 

Your  committee  commenced  its  labors,  having  in  view  to  find  a 
gauge  which  should  be  simple  in  its  construction,  not  readily  worn, 
capable  of  easy  adjustment,  and  not  too  expensive  to  be  used  hy  the 
ordinary  workman.  With  this  in  view,  they  have  exahiined  a  large 
variety  of  gauges,  and  believe  that  all  those  in  general  use  in  the 
United  States  have  passed  under  their  inspection. 

They  find,  as  the  result  of  their  examination,  that,  although  there 
are  a  great  number  of  patterns,  most  of  the  gauges  in  general  use 
differ  but  slightly  in  principle.  The  different  systems  may  be  divided 
into  two  general  classes.  These  are — -first,  fixed  ;  and,  second,  mova- 
ble gauges. 

Of  the  fixed  gauges,  there  are  three  general  types.  These  are, 
first,  those  made  with  slots,  open  at  one  end,  the  sides  of  which  are 
intended  to  be  parallel,  as  the  ordinary  wire  gauge ;  second,  those 
made  with  round  holes  in  a  plate,  with  or  without  a  plug,  cor- 
responding to  each  hole  to  check  the  size,  such  as  the  Whitworth 
gauge,  and  the  Stubbs  wire  gauge,  better  known  in  this  country  as 
the  ''twist  drill"  gauge.  In  both  these  kinds  of  gauges,  the  slots 
and  holes  are  designated  by  numbers. 

The  third  kind  of  fixed  gauge  consists  of  a  V,  either  cut  into  a 
sheet  of  steel,  or  formed  by  placing  two  bars  of  steel  together  at  one 
end,  and  leaving  them  open  at  the  other  a  fixed  distance. 

Of  the  movable  gauges  there  are  two  types:  sliding  calipers  with 
verniers,  with  or  without  a  micrometer  screw  for  adjustment,  and 
the  micrometer  screw  gauge. 

Your  committee  find  that  the  gauges  M'hich  are  characterized  by 
round  holes  or  slots,  designated  by  numbers,  are  only  approximately 
correct.  They  not  only  differ  according  as  they  are  made  by  differ- 
ent manufacturers,  but  in  a  package  of  a  dozen  made  by  the  same 
manufacturer  there  were  often  very  perceptible  and  annoying  differ- 
ences. They  find  that  in  the  gauges  with  open  slots  the  sides  are 
rarely  parallel,  and  that  there  are  even  greater  variations  in  them 
than  in  the  gauges  made  with  closed  round  holes  without  plugs. 
They  find  that  the  numbers  affixed  to  the  slots  and  holes  vary  so 
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much,  on  account  of  the  difFerences  in  the  width  of  the  slots,  and  in 
the  diameter  of  the  holes,  as  to  be  a  constant  source  of  inaccuracy, 
uncertainty,  and  annoyance.  This  variation  has,  in  certain  cases, 
been  found  to  amount  to  as  much  as  50  per  cent,  of  the  weight  of 
different  wires  of  the  same  number  which  have  been  examine<l.  It 
is,  therefore,  impossible  to  make  even  an  approximative  com])arison 
of  sizes,  unless,  besides  the  number,  not  only  the  kind  of  gauge,  but 
also  the  name  of  the  maker,  is  specified,  and  even  then  this  approxi- 
mation cannot  be  relied  upon  when  the  gauges  have  been  worn  from 
constant  use  or  bad  tempering. 

The  best  example  of  the  round  holes  with  plugs  is  the  Whitworth 
gauge,  which  is  made  of  a  thick  plate  of  tempered  steel.  Each 
hole  of  the  gauge  is  provided  with  a  hardened  steel  plug,  which  fits 
it  exactly.  In  all  the  recent  gauges  of  this  kind  the  system  of  num- 
bers is  abandoned.  The  plug  is  made  of  a  given  diameter,  which  is 
stamped  in  figures  on  each  one.  These  diameters  generally,  vary  by 
thirty  seconds,  sixteenths,  eighths,  quarters,  and  so  on,  each  size 
having  a  hole  and  plug  of  its  own,  so  that  a  complete  set  will  con- 
sist of  as  many  holes  and  plugs  as  there  are  fractional  parts.  To 
obviate  the  difficulty  of  the  indefinite  repetition  of  the  plugs,  they 
are  sometimes  made  so  that  when  any  two,  or  even  three,  plugs  are 
placed  together  they  will  exactly  fit  the  hole  corresponding  to  the  sum 
of  their  diameters.  This  arrangement  is  made  to  insure  accuracy,  as 
the  multiplication  of  a  very  slight  error  would  prevent  even  two 
plugs  from  fitting  the  hole  corresponding  to  the  sum  of  their  diame- 
ters. When  well  made,  this  gauge  is  an  instrument  of  precision; 
but  it  is  evident  that,  in  order  to  have  such  a  gauge  even  moderately 
accurate,  it  must  be  a  very  expensive  instrument,  and  altogether 
beyond  the  reach  of  an  ordinary  workman,  or  even  of  a  manufac- 
tory with  a  small  capital  ;  and  that  from  the  indefinite  multiplica- 
tion of  holes  and  plugs,  it  must  necessarily  be  very  cumbersome. 
When  they  are  used,  there  must  always  be  two  such  gauges,  one  for 
comparison  and  one  for  use,  and  when  the  gauge  is  only  very  slightly 
worn  it  ceases  to  be  an  instrument  of  j^recision,  and  is  then  open  to 
all  the  objections  of  the  ordinary  gauge  with  fixed  holes. 

Your  committee,  very  early  in  the  course  of  their  investigation, 
formed  the  opinion  that  no  reliance  whatever  was  to  be  placed  on 
the  numbers  of  gauges,  as  an  indication  of  size,  except  for  the  indi- 
vidual gauge  to  which  the  number  was  attached ;  and  that  the  only 
accurate  and  scientific  way  of  expressing  the  size  of  an  article  to  be 
gauged  was  by  some  expression  of  its   diameter,  which  should  be 
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more  exact  than  numbers,  and  winch  would  allow  of  an  accurate 
comparison  of  all  the  dimensions  by  whatever  gauge  they  were 
taken. 

Your  committee  are  supported  in  this  opinion  by  the  present 
practice  among  some  European  manufacturers  who  have  recently 
acted  in  this  matter,  who  have  decided  that  a  given  number  on  a 
gauge  shall  correspond  to  a  given  diameter  expressed  in  fractions  of 
the  legal  standard  of  leugth  of  the  country  ;  but  as,  in  all  fixed 
gauges  made  for  ordiuary  commercial  use,  the  diameter  can  only  be 
approximately  expressed,  neither  the  number  nor  the  diameter  is 
ordinarilv  correct,  so  that  there  is  a  doable  source  of  iuaccuracy,  as 
the  number  does  not  express  the  exact  diameter,  nor  the  diameter 
the  number. 

Owing  to  the  great  liability  to  error,  and  the  impossibility  of  cor- 
recting it,  even  in  the  most  elaborate  forms  of  this  kind  of  gauge, 
vour  committee,  early  in  the  course  of  their  investigation,  after  having 
themselves  examined  a  large  number,  and  having  had  communi- 
cated to  them  the  results  of  examinations  made  by  others,  dismissed 
this  class  as  bemg  unsuitable,  either  from  their  defective  construc- 
tion, the  impossibility  of  adjusting  them  when  out  of  order,  or  their 
great  cost,  from  their  consideration  as  a  standard  gauge. 

Your  committee  next  turned  their  attention  to  the  V  gauge,  which 
is  made  by  placing  together  two  pieces  of  hardened  steel,  so  that 
they  touch  at  one  end,  but  are  open  a  given  distance  at  the  other, 
the  numbers  or  diameters  corresponding  to  the  opening  being 
graved  upon  one  or  both  sides.  The  accuracy  with  which  measure- 
ments can  be  made  with  this  gauge  when  it  is  new,  and  the  jaws 
properly  tempered,  adjusted,  and  fastened,  is  surprising.  Exceed- 
ingly minute  differences  even  in  the  diameters  of  the  same  wires  can 
be  detected  and  measured  with  great  nicety,  but  by  constant  use  the 
gauge  wears  unevenly.  It  must  then  be  taken  aj)art,  reground,  and 
readjusted,  which  will  generally  cost  more  than  the  gauge  is  worth. 
Your  committee,  while  having  the  highest  opinion  of  it  for  ordinary 
purposes,  after  some  months  of  study  abandoned  the  idea  of  recom- 
mend ino-  it  as  a  standard  o-auo-e. 

Their  attention  was  then  turned  to  the  other  two  kinds  of  gauges, 
namely,  the  sliding  gauge  with  a  vernier,  with  or  without  a  microm- 
eter adjustment,  and  the  gauge  known  as  the  micrometer  gauge. 
The  advantage  of  these  gauges  is  great  accuracy.  The  sliding  gauge 
with  a  vernier  necessarily  wears ;  but  the  error  of  wear  can  be  ascer- 
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tained  and  allowance  made  for  it,  so  that  accurate  measurements  can 
always  be  made  with  it  when  it  is  worn. 

In  the  micrometer  gauge  the  wearing  surfaces  are  so  arranged  that 
they  can  be  adjusted  with  ease  in  a  few  moments.  The  wear  between 
the  male  and  female  parts  of  the  micrometer  can  be  adjusted  by  a 
binding-screw.  This  adjustment  can  be  repeated  as  often  as  re- 
quired, so  that  the  instrument  will  read  with  great  accuracy  until  it 
is  worn  out. 

Your  committee  assured  themselves,  by  actual  trial,  that  with  such 
a  gauge  boys  can  very  easily  be  taught  to  read  the  thousandth  of  an 
inch  or  the  fortieth  of  a  millimeter,  and  that  it  is  practicable  to  read 
even  the  eightieth  of  a  millimeter. 

The  micrometer  gauge  is  of  these  last  two  gauges  the  simplest.  It 
consists  of  a  micrometer  screw,  C,  with  a  vernier  attachment  on  D, 
is  susceptible  of  easy  adjustment,  is  not  likely  to  wear,  is  not  com- 
plicated, is  less  likely  to  get  out  of  order  than  the  other  gauges,  is 
more  easily  read,  and  requires  less  skill  to  read  it  than  the  sliding 
gauge  with  a  vernier.  Your  committee  are,  therefore,  of  the  opinion 
that  this  gauge,  \vhich  is  shown  in  the  annexed  cut,  is  the  gauge 
which  should  be  adopted  as  the  standard  gauge. 


They  arc  of  the  opinion  that  all  gauges  should  be  graduated  so  as 
to  read  fractions  of  an  inch  or  of  a  millimeter,  and  that  the  sizes 
should  be  directly  expressed  as  the  only  means  of  insuring  correct 
measurements,  and  not  by  numbers,  which  constantly  lead  to  error. 
That  this,  while  it  insures  great  accuracy,  presents  no  difficulty  in 
practice,  is  shown  by  a  number  of  experiments  made  during  a  period 
of  several  months,  to  ascertain  the  practical  difficulty  in  the  \yay 
of  the  adoption  of  this  method  by  a  member  of  your  committee.  The 
sizes  of  some  of  the  steel  bars,  the  orders  for  which  were  expressed 
in  thousandths  of  an  inch,  are  given  below. 
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Sizes  expressed  in  Decimals  of  an  Inch,  taken  at  random  from  the  Order-look 
of  a  Manufactory : 


15.5 

X 

.014 

3.00  X 

.0145 

2  25  X 

.059 

15. 

X 

.02 

3.       X 

018 

2.25  X 

.046 

15. 

X 

.014 

3.       X 

.02 

2.25  X 

.040 

5.25 

X 

.061 

3.       X 

.0125 

2.25  X 

.038 

4.50 

X 

.062 

2.75  X 

.030 

2.25  X 

.055 

4. 

X 

.024 

2-75  X 

.051 

2.25  X 

.020 

4. 

X 

.022 

2.75  X 

.035 

2.       X 

.018 

4. 

X 

.071 

2.50  X 

.059 

1.50  X 

.032 

3.475 

\( 

.062 

2.50  X 

.0-22 

.75  X 

.095 

3.25 

)/ 

.01 

2.25  X 

.031 

.25  X 

.062 

The  trial  of  this  system  by  some  of  the  manufiicturers  has  resulted 
in  banishing  all  the  old  forms  of  gauge  from  their  workshops. 

The  conclusions  which  have  been  arrived  at,  for  the  most  part 
independently,  by  the  different  members  of  your  committee,  and  in 
which  they  unanimously  agree,  are: 

1.  The  abandonment  of  the  system  of  fixed  gauges  for  commer- 
cial use. 

2.  The  abandonment  of  the  system  of  representing  the  diameters 
and  sizes  by  numbers. 

•  3.  The  adoption  of  the  system  of  expressing  sizes  in  thousandths 
of  an  inch  or  fractions  of  a  millimeter. 

4.  The  adoption  of  the  micrometer  gauge  as  the  method  of  meas- 
uring sizes. 

Your  committee  beg  to  acknowledge  their  indebtedness  to  J.  B. 
Knight,  Secretary  of  the  Franklin  Institute  in  Philadelphia,  for  the 
reports  of  various  committees  on  gauges  to  the  Franklin  Institute ; 
to  C.  Hewitt,  Esq.,  President  of  the  Trenton  Iron  Company,  for  a 
large  number  of  measurements  of  wire  made  with  different  gauges; 
to  P.  Ritter  Von  Tunner,  of  Austria,  for  the  description  of  the  kind 
of  gauges  used  in  Austria;  to  the  German  Consul,  for  his  interest 
in  procuring  from  Germany  a  report  of  their  gauge  system  ;  to  the 
French  Consul,  for  his  interest  in  the  work  of  the  committee;  and 
to  the  Minister  of  Agriculture,  Commerce,  and  Public  Works,  for  a 
complete  description  of  the  gauge  system  as  used  in  France. 

Your  committee  is,  however,  particularly  indebted  to  Darling, 
Brown  &  Sharp,  of  Providence,  who  have  loaned  to  them  without 
charge  all  the  gauges  which  they  manufacture,  for  comparison,  and 
have  contributed  besides  a  very  large  amount  of  information  on  vari- 
ous rtiatters  connected  with  this  subject.  All  of  which  is  respect- 
fully submitted.  T.  Egleston,  Chairman. 

Wm.  Metcalf, 
Jos.  D.  Weeks. 
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ANALYSES  OF  SOME  TELLURIUM  MINEBALS. 

BY   E.    P.    JENNINGS,   CORNEL!,   UNIVERSITY,   ITHACA,  N.    Y. 

(Read  at  the  Aiuenia  Meeting,  October,  1877.) 

The  abundance  and  value  of  the  tellurium  minerals  of  Colorado 
is  well  known,  but,  as  yet,  few  analyses  have  been  made  of  them, 
and  I  oifer  these  as  a  small  contribution  to  the  chemistry  of  these 
valuable  ores. 

1.  Native  Tellurium. — The  specimens  from  which  the  analyses  of 
this  mineral  were  made  are  from  the  "  John  Jay"  Mine,  Boulder 
County,  Colorado,  where  it  occurs  in  quite  large  masses,  though 
mixed  with  more  or  less  silica  and  iron  pyrites.  It  is  usually  a  fine- 
grained, tin-white  mineral,  but  sometimes  occurs  in  distorted,  hexag- 
onal prisms  in  cavities  in  the  quartz.  Before  the  blowpipe  it  gives 
the  reactions  for  tellurium,  sulphur  and  iron;  by  cupellation,  it  yields 
a  small  amount  of  gold.  An  analysis  of  a  coarsely  crystallized  speci- 
men gave  the  following  results  : 

Specific  gravity,   5.105. 

Tdlurlum, 58.40 

Gold, 1.36 

Iron  pyritos 24.92 

Ferric  o.\.ide,       .........  4.37 

Silica  and  .silicate.?,      ........  1L54 

Silver,  lead,  and  mercury,           ......  traces. 

100.59 

Deducting  the  pyrites,  iron  oxide  and  silica,  we  have  for  the  com- 
position of  the  mineral : 

THlurium, ■ 97.73 

Gold, 2.27 


100.00 


Or,  considering  the  gold  to  be  in  combination  with  tellurium  to 
form  sylvanite,  we  have: 

Native  tellvirium, 95.50 

Sylvanite  (Au^  Tcj),  .         .         .         .         .         .         .         .  4.50 


100.00 
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An  analysis  of  another  specimen  from  the  same  mine,  and  of  but 
slightly  different  appearance,  gave  the  following  results  : 

Spocific  sjravity,  6.310. 

Tellurium, 7L36 

Gold, 7.36 

Lpad, 4.81 

yilica  and  ,«ilicates,     ........  13.80 

Ferric  oxide,       .         .         .         .         .         .         .         .         .  1-53 

Iron  pyrlle.?,        .........  .88 

Silver  and  lead, traces 

99.80 

Deducting  the  silica,  pyrites  and  oxide  of  iron,  we  have  for  the 
composition  of  the  mineral  : 

Tpllurium, 85.43 

Gold, 8.81 

Lead, 5.76 

100.00 

Assuming  the  mineral  to  be  a  mixture  of  native  tellurium,  sylva- 
nite  and  altaite,  we  will  have  : 

Native  tellurium,         ........         73. '21 

Sylvanite(Au2Te3), 17.46 

Altaite  (PbTe), 9  33 

100.00 

2.  Si/Ivanite. — I  have  analyzed  only  a  single  specimen  of  this  min- 
eral, obtained  from  the  Smuggler  Mine,  Boulder  County,  Colorado. 
In  appearance  it  resembles  somewhat  the  native  tellurium  from  the 
John  Jay  Mine,  but  is  more  of  a  lead-gray  color,  and  is  not  so  fine- 
grained. Before  the  blowpipe  it  gives  the  reactions  for  tellurium 
and  gold,  the  gold  being  light-colored  from  the  large  amount  of  silver 
it  contains. 


An  analysis  gave  the  following  results 


Specific  gravity,  3.565. 

Tellurium, 

Gold, 

Silver, 

Zinc, 

Silica  and  silicate?. 

Ferric  oxide  and  alumina, 

Cobalt  and  lead. 


28.16 

10.04 

4.03 

.31 

55.79 

1.36 

traces 


99.69 
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Deducting  the  silica,  oxide  of  iron  and  alumina,  and  assuming  the 
small  amount  of  zinc  to  be  combined  with  tellurium,  we  have: 

Tellurium, 66  20 

Gold, 23.60 

Silver, 9  47 

Zinc, 73 

100.00 
which  agrees  closely  with  the  formula  of  sylvanite  (Au,Ag)2Te3. 


ON  PULVERIZED  ZINC  AND  ITS   USES  IN  ANALYTICAL 

CHE3IISTBY. 

BY   DR.   T.    M.    DROWN,  LAFAYETTE   COLLEGE,    EASTON,    PA. 

(Read  at  the  Philadelphia  Meeting,  February,  1878.) 

Zinc  is,  as  is  well  known,  very  brittle  at  a  temperature  of  about 
210°  C.  (410°  F.),  and  may  then  be  readily  pulverized  in  a  mortar. 
By  sifting  it  may  be  obtained  of  uniform  grain.  I  have  been  accus- 
tomed to  prepare  products  passing  through  40,  60,  and  80-mesh  sieves, 
and  also  by  bolting  through  a  fine  handkerchief. 

The  principal  analytical  uses  to  which  I  have  hitherto  applied 
this  material  are  to  the  reduction  of  iron  directly  from  the  ore  by 
lieating  it  with  the  pulverized  zinc,  and  the  reduction  of  ferric  to 
ferrous  compounds  in  solution. 

In  the  first  case  the  pulverized  ore,  0.5  gram  or  less,  is  intimately 
mixed  with  about  ten  times  its  weight  of  the  pulverized  zinc  (the 
finer  the  zinc  the  better),  in  a  porcelain  crucible,  and  this  mixture 
is  covered  with  about  the  same  amount  of  zinc.  The  crucible  is 
then  heated  at  the  top  of  the  flame  of  a  Bunsen  burner,  at  a  dull  red 
heat,  for  about  ten  minutes.  The  crucible  should  not  be  covered. 
When  cool,  the  crucible,  with  its  contents,  is  placed  in  a  flask 
treated  with  hot  dilute  sulphurip  acid,  and  brought  quickly  to  a 
boil.  The  zinc  and  reduced  iron  are  dissolved  in  a  few  minutes 
and  the  flask  is  then  tightly  corked  and  allowed  to  cool.  When 
cx)ol,  the  iron  is  directly  titrated  by  potassium  permanganate. 
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It  has  been  found  necessary  to  roast  ores  containing  organic  matter 
in  the  crucible  before  adding  the  zinc,  otherwise  the  final  solution  will 
be  too  dark  to  titrate.  It  was  also  occasionally  found  that  in  cases 
where  there  was  no  organic  or  carbonaceous  matter  in  the  ore,  that  the 
'  solution  was  very  dark;  and  it  was  found,  after  a  number  of  experi- 
ments, that  this  blackening  came  from  the  decomposition  of  the  car- 
bonic acid  from  the  combustion  of  the  gas.  This  has  been  obviated 
by  making  a  thick  coating  of  very  fine  zinc,  or  by  a  cover  of  pulver- 
ized borax  glass,  which  fuses,  and  protects  the  mixture  beneath  from 
the  action  of  the  products  of  combustion  of  the  gas. 

The  following  results  have  been  obtained  from  this  process : 

In  a  Brown  Htmntite. 

By  zinc  method,  .  .  48.63,  48.72,  48.71,  48.74,  48.83,  48.69  per  cent. ;  mean,  48.72 
Bj-  reduction  by  hydrogen   (after  previous   oxidation  with  oxygen  gas)  at  a  red 
heat,  48.74  per  cent. 

In  a  Magnetite. 

By  zinc  method, 67  19,  67.06,  67.59  ;  mean,  67.28 

By  hydrogen  method 67.32 

f 
The  use  of  pulverized  zinc  of  somewhat  coarser  grain  is  very 

advantageous  in  the  reduction  of  iron  to  the  ferrous  condition  in 
solution.  Any  one  who  has  used  granulated  or  plate  zinc  knows  of 
the  trouble  often  experienced  in  effecting  complete  reduction  and  in 
dissolving  the  last  traces  of  the  zinc.  The  large  surface  exposed  by 
the  granulated  zinc  insures  complete  reduction  in  a  short  time,  and 
the  small  size  of  the  grain  is  a  guarantee  that  its  final  solution  will 
not  be  tedious.  The  practice  is  to  add  to  the  ferric  solution,  in  a 
flask,  5  grams  of  40-mesh  zinc.  There  should  be  but  a  very  small 
excess  of  sulphuric  acid,  so  that  at  the  end  of  an  hour  or  two  only 
about  half  of  the  zinc  will  be  dissolved.  Then  more  sulphuric  acid  is 
added,  and  the  solution  quickly  boiled,  and  the  process  conducted  as 
above. 

I  have  tried  the  "  blue  powder  "  from  zinc  works  as  a  substitute 
for  the  pulverized  zinc,  but  the  results  are  not,  as  a  rule,  as  satis- 
factory. I  have  found  the  pulverized  zinc  useful  in  treatment  of  snl- 
phurets  to  render  them  soluble  in  hydrochloric  acid,  and  I  have  other 
experiments  in  progress  in  the  treatment  of  ores  and  minerals.  It 
is  probable,  too,  that  other  metals  iu  finely  divided  form,  as  iron 
reduced  by  hydrogen,  may  have  uses  in  analytical  chemistry. 
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A  MINING  LABOBATOBY. 

BY   KOBEIIT  H.    lUCHAKDS,    PROFESSOR   OF   MIKING,    MASSACHUSETTS 
INSTITUTE   OF   TECHNOLOGY,    BOSTON. 

(Read  at  the  Wilkes-Barre  Met'ting,  May,  1S77.) 

Tke  Institute  of  Mining  Engineers  has  shown  so  much  interest 
in  the  educational  problem  of  profitably  combining  theory  and  prac- 
tice, that  it  seems  especially  appropriate  to  lay  before  its  members 
the  methods  and  aims  of  the  mining  laboratory  of  which  I  have 
charge,  and  in  which  one  form  of  combination  of  hand  with  head 
work  is  now  being  tried.  If  anything  may  be  contributed  toward 
the  solution  of  this  problem  by  the  discussion  which  follows,  my 
purpose  will  be  attained. 

Whether  it  was  wise  or  not  to  establish  a  mining  school  so  far  from 
the  principal  mining  centres,  does  not  now  enter  into  the  question. 
Given,  a  mining  school  already  begun,  how  shall  it  be  made  most 
efficient  in  developing  engineers  who  are  trained  to  think  for  them- 
selves as  well  as  versed  in  the  works  of  others  ?  This  is  the  ques- 
tion with  which  we  have  had  to  deal. 

In  considering  the  bearing  of  this  laboratory  work  upon  the 
students'  preparation,  it  will  be  convenient  to  take  it  up  untler  five 
different  heads : 

1.  The  methods  and  aims  of  the  laboratory. 

2.  The  advantage  to  students  of  having  a  part,  at  least,  of  their 
practical  work  in  the  curriculum  of  their  school. 

3.  The  advantage  to  be  derived  by  mines  and  works. 

4.  Degree  of  accuracy  which  may  be  attained  in  working  ores  on 
a  small  scale. 

5.  Results  of  work  in  the  laboratory. 

1.  The  Methods  and  Aims  of  the  Laboratory. — During  the  May 
meeting  of  1873,  held  in  Boston,  I  had  the  privilege  of  reading  be- 
fore you  a  paper  stating  the  plans  and  aims  of  this  laboratory.  Since 
that  time  we  have  been  constantly  following  out  those  plans,  and 
are  more  than  ever  convinced  that  we  are  working  in  the  right  direc- 
tion. We  do  not  feel  that  the  time  we  have  spent  has  been  in  any 
sense  thrown  away.  Perhaps  the  aims  of  the  laboratory  can  be  most 
clearly  shown  by  illustration.  Many  young  engineers  leave  school 
thinking  that  they  know  everything.  They  go  to  the  works,  and 
expect  to  teach  the  superintendent  something  and  the  men  a  good 
deal,  regardless  of  the  fact  that  it  is  this  spirit  that  has  prejudiced 
workmen  against  schoolmen.     Tliey  are  often  more  trouble  than  they 
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are  worth  for  a  considerable  period  of  time.  They  have  simply  learned 
metallurgical  processes  from  books,  but  they  have  not  derived  from 
them  a  realizing  sense  of  the  meaning  of  the  word  economy,  nor  do 
they  understand  how  to  carry  it  out  in  actual  practice.  They  are  too 
apt  not  to  perceive  that  the  profit  of  works  lies  in  the  little  savings 
in  material,  in  labor,  in  time  and  power,  etc.,  and  that  the  difference 
between  making  these  little  savings  and  in  not  making  them  is  almost 
always  the  difference  between  profit  and  loss,  or  between  success  and 
failure.  In  fact,  our  young  engineers  are  not,  as  a  rule,  fully  enough 
aware  of  the  fact  that  failures  in  mines  and  works  are  quite  as  often 
the  I'esult  of  errors  in  judgment  as  they  are  from  poverty  of  the 
deposit  or  process. 

The  aim  of  this  laboratory  is  to  correct  this  state  of  things,  and  to 
turn  out  men  who  have  learned  somewhat  of  the  value  of  economv  ; 
who  have  found  out  by  their  own  experience  that  little  losses,  taking 
place  here  and  there  and  every^vllere  in  their  work,  mount  up  enor- 
mously in  their  final  account  of  stock. 

For  the  sake  of  example,  Ave  will  suppose  that  a  silver-lead  ore 
is  given  to  a  student  who  is  entirely  inexperienced  in  such  matters, 
and  who  is  inclined  to  be  self-sufficient.  On  reading  up,  he  finds 
that  such  ores,  when  worked  on  the  large  scale,  are  subject  to  a  loss, 
which  we  will  say  is  15  per  cent,  of  the  silver,  and  which  takes  place 
largely  in  the  smelting.  He  is  surprised  at  this,  and  thinks  it  is  a 
large  loss,  and  expects  to  do  as  well  or  better.  On  taking  account 
of  stock,  however,  we  will  suppose  he  finds  his  losses  are  :  silver  in 
dust  while  crushing  and  handling,  2  per  cent. ;  roasting,  15  })er  cent.; 
agglomerating,  3  per  cent.;  smelting,  15  per  cent.;  fume  in  refining, 
2  per  cent.;  handling  in  refining,  6  per  cent.;  fume  in  cupelling,  4 
per  cent. ;  parting  and  recovering,  3  per  cent. ;  total,  50  per  cent. 

He  is  astonished  to  find  that  his  total  loss  amounts  to  50  per  cent., 
and  that  by  carelessness  in  handling  alone,  he  has  lost  11  per  cent., 
the  whole  of  which  might  have  been  obviated  as  well  as  not;  that 
in  roasting  he  used  too  high  a  heat,  and  in  cupelling  the  same ;  that 
by  having  large  condensing  flues,  he  might  have  saved  a  large  pro- 
portion of  the  loss  in  smelting  and  refining. 

In  fact,  this  man  has  either  learned  a  lesson  in  the  economy  of 
metal  working  that  will  last  him  his  life,  or  he  has  failed  to  learn  it. 
In  either  case,  whatever  may  be  the  risk  incurred  by  a  works  in 
taking  an  untried  man  from  a  school,  the  risk  is  in  some  degree 
lessened  by  this  test  of  the  man.  We  believe  that  ability  to  offer  to 
works  a  selection  of  men  is  all  the  incentive  we  need  for  developing 
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this  laboratory.  We  hold  that  the  school  owes  a  duty  to  the  works 
as  well  as  to  the  student,  and  that  the  supplying  of  works  with  good 
men  is  fully  as  important  a  duty  of  the  school  as  the  finding  of  places 
for  the  student. 

The  methods  of  working  the  laborator}^  will  best  be  given  by  a 
brief  description  of  the  last  year's  work.  The  course  began  in  Feb- 
ruary with  a  class  of  thirteen  studeuts.  The  work  was  allotted  so 
that  each  student  had  the  entire  responsibility  of  a  whole  process  or 
of  a  part  of  a  process. 

A  quantity  of  low  grade  ore  from  the  Merrimac  Mine,  weighing 
4^  tons,  was  treated  first. 

Two  students,  A  and  B,  took  charge  of  the  mineral  examination, 
and  of  the  crushing  and  washing.  They  were  assisted  in  the  wash- 
ing by  their  whole  class,  who  had  this  opportunity  to  operate  the 
washers,  and  to  make  themselves  familiar  with  the  principles  on 
which  they  work.  The  class  came  on,  five  men  at  a  shift,  and  they 
worked  ten  shifts  of  four  hours  each  ;  in  this  way  every  man  had  an 
opportunity  to  work  aud  to  study  every  machine. 

The  captains,  A.  and  B.,  meantime  took  charge  on  the  alternate 
shifts,  so  that  one  of  them  was  always  on  hand  to  keep  watch,  and  to 
see  that  waste  did  not  take  place,  that  samples  were  taken  at  the 
proper  intervals,  and  that  everything  went  on  as  it  should.  When 
the  work  was  through,  they  dried,  weighed,  sampled,  and  assayed 
all  the  final  products.  They  found  out  then  whether  the  refuse  was 
poor  enough  to  throw  away.  They  found  out  which  machine  did 
the  greatest  work,  and  which  the  least.  In  fact,  they  were  in  condi- 
tion to  report  upon  the  economy  of  the  process  from  beginning  to 
end.  They  afterward  made  numerous  tests  on  sands  falling  into 
water,  and  speculated  on  possible  alterations  which  would  be  desira- 
ble if  the  washers  were  to  be  used  exclusively  for  the  ore  in  question. 
These  tests  were  rendered  possible  by  means  of  a  series  of  samples 
which  had  been  taken  at  every  stage  of  the  process.  A,  reported 
especially  upon  the  crushing  machines  and  the  washing  jigs,  while 

B,  reported  upon  the  spitzkasten  and  on  the  tables  which  were  used 
in  washing. 

Three  products  were  the  result  of  this  treatment : 
1.  Smelting  ore.     2.  Middle-grade  ore.     3.  Refuse. 
C.  and  D.  took  charge  of  the  smelting  ore;  this  was  first  roasted 
in  reverberatory  furnaces.     The  whole  class  came  on  by  -shifts  of 
four   hours   each,  and  the  operation  went  on  night  and    day  con- 
tinuously until   finished.     The  total  time  required  was   52  hours. 

C.  and  D.  then  agglomerated  the  ore,  sampled  it,  analyzed  it,  and 
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also  their  fluxes  (limestone,  tap  cinder,  magnetic  iron  ore,  etc). 
They  planned  their  smelting  to  obtain  a  given  slag,  matte,  and  metal. 
When  it  was  smelted  in  the  shaft  furnace  all  the  class  came  on  by 
shifts,  and  by  means  of  this  run,  and  several  others  during  the  term, 
every  man  was  able  to  serve  in  every  place,  and  thus  to  learn  the 
principles  which  underlie  the  whole  operation,  as  well  as  the  details 
by  which  it  is  carried  on  in  the  laboratory.     This  smelting  yielded — 

1.  Lead,     2.  Matte.     3.  Slag. 

C.  followed  up  the  metal,  and  turned  out  silver,  lead,  and  gold. 
D.  folloM'cd  up  the  matte,  and  turned  out  copper,  lead,  and  silver. 
Their  reports  consist  of  a  detail  of  the  operations,  results  of  analyses, 
and  tables  showing  where,  when,  and  how  the  losses  took  place,  with 
suggestions  as  to  how  they  would  mitigate  them  another  time. 

E.  and  F.  undertook  to  work  the  middle-grade  ore,  and  they  tried 
the  Ziervogle,  Augustin,  Von  Patera,  as  well  as  roast,  chlorination 
with  amalgamation,  and  a  number  of  other  methods.  They  divided 
the  processes,  one  taking  the  responsibility  of  a  part,  the  other  of  the 
rest.  They  report  moderate  success  in  some  and  dead  failures  in 
others. 

A  sulphuretted  ore  was  allotted  to  G.  and  H.  This  ore,  as  a 
matter  of  course,  required  to  be  first  roasted.  We  have  two  methods 
of  roasting,  by  reverberatory  furnace  and  by  kiln.  But  as  a  kiln 
had  never  been  tried  in  the  laboratory,  and  as  it  was  to  a  certain 
extent  doubtful  whether  it  could  be  made  to  work,  a  division  was 
made.  G.  took  the  kiln  roasting,  followed  by  the  subsequent  smelt- 
ing, roasting  and  smelting,  etc.,  while  H.  took  the  method  by  rever- 
beratory furnace,  followed  by  the  subsequent  processes.  This  work 
was  carried  on  in  the  same  spirit  as  before  indicated. 

K.  took  up  nickel,  looked  up  the  published  methods,  and  experi- 
mented upon  its  extraction. 

L.  worked  a  gold  ore  by  Atwood's  amalgamators,  concentration, 
and  gas  chlorination.  This  method  is  still  in  its  experimental  con- 
dition with  us. 

M.  had  a  barrel  of  quartz  galena  assigned  to  him. 

N.  had  a  barrel  of  silver  ore  assigned  him,  which  was  to  be  treated 
by  pan  amalgamation. 

O.  worked  out  a  problem  on  a  copper  ore  from  a  mine  at  Santa  Fe. 
The  question  to  be  settled  was  whether  it  would  pay  best  to  turn  out 
a  slag  lean  in  copper,  and  at  the  same  time  a  poor  copper  pig,  or  to 
turn  out  a  pure  copper  pig,  and  at  the  same  time  allow  some  metal 
to  enter  the  slag.  His  results  are  very  interestijig. 
VOL.  VI. — 33 
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Thus  it  will  be  seen  that  every  student  who  has  worked  in  the 
laboratory  during  tlie  last  year  has  not  only  had  a  definite  work  of 
his  own  to  do,  but  has  also  had  the  opportunity  to  watch  or  to  assist 
in  a  very  considerable  variety  of  other  work. 

2.  Advantage  to  the  Student  of  having  a  part  of  his  Practical  Wor^k 
in  the  Curriculum  of  his  School. — We  learn  by  our  mistakes.  Men 
can  trv,  and  fail ;  can  find  out  usually  why  they  failed ;  can  repeat 
the  work  with  the  failure  in  part  or  in  whole  corrected.  They  can 
learn  economy  by  their  own  lack  of  it. 

Large  works  cannot  afford  to  spoil  a  charge  to  show  a  student 
what  happens  from  a  little  carelessness.  A  well-regulated  estab- 
lishment may  go  on  a  long  time  without  such  a  slip,  and  unless  the 
superintendent  is  used  to  giving  instruction,  and  takes  pleasure  in  it, 
the  student  may  be  months  at  a  works  without  finding  out  what  the 
key  to  the  success  of  the  establishment  is. 

Again,  a  student  learns  the  value  of  chemistry  as  a  check  upon 
metallurgical  work.  Who  would  attempt  to  run  a  blast  furnace  on 
lead  ores  or  on  iron  ores  without  knowing  something  about  the  com- 
position of  slags  and  of  the  fluxes  at  hand  ?  The  students  here  plan 
the  proportion  of  the  fluxes  to  be  used  from  their  own  analyses  of 
the  sauie.  And  if  they  find  from  their  reading  that  a  slag  of  30  per 
cent.  SiO.^,  45  per  cent.  FeO,  15  per  cent.  CaO,  10  per  cent.  AI2O3, 
should  give  a  good  fusion  and  a  slag  clear  of  lead,  they  put  in  fluxes 
contaiiiing  these  elements  in  the  above  proportions,  and  when  they 
get  through  they  analyze  their  slag,  to  see  if  they  got  what  they 
tried  for,  and  to  see  if  it  was  as  lean  in  lead  as  they  wished  it  to  be. 

But  perhaps  the  greatest  advantage  of  all  to  the  student,  and  the 
one  which  will  stay  with  him  tiirough  his  whole  life  long,  is  the 
spirit  of  investigation  which  is  awakened  by  his  work,  and  which  is 
made  evident  by  the  questions  he  asks  and  by  the  zest  and  intelligence 
with  which  he  carries  on  his  work.  This  we  consider  has  been 
proved  beyond  all  question. 

We  wish  to  disclaim  any  pretensions  which  we  may  be  supposed 
to  have  that  this  laboratory  is  in  any  sense  of  the  word  a  substitute 
for  the  works.  What  we  do  claim  is  that  it  prepares  students  to 
go  into  works  and  profit  by  them. 

3.  Advantage  to  Works. — We  have  already  noticed  one  advan- 
tage, viz.,  that  the  men  have  had  a  chance  to  test  themselves  and  find 
out  where  they  are  weak.  There  is,  however,  another  advantage 
which  may  grow  out  of  their  experience  in  the  laboratory.  These 
men  are  used  to  testing  processes  on  a  small  scale,  and  if  they  are, 
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when  older,  called  upon  to  erect  costly  works  and  to  devise  new  and 
expensive  processes,  they  will  naturally  spend  a  thousand  or  two  dol- 
lars in  trying  the  process  practically.  Most  of  us  are  familiar  with 
large  and  costly  fliilures  which  might  have  been  prevented  if  the 
process  had  been  studied  in  this  way.  For  while  work  on  the 
small  scale  does  not  pretend  to  deal  with  the  relation  between  the 
cost  of  production,  of  transportation,  and  the  market  value,  it  does 
test  most  thoroughly  the  chemical  and  mechanical  principles  on 
which  the  process  must  depend.  Again,  this  practical  work  enables 
us  to  make  a  flir  more  just  division  of  hand-men  from  head-men 
than  could  possibly  be  made  from  recitations  and  examinations 
alone.  And  if  we  have  an  application  for  a  man  who  may  by-and- 
by  be  needed  to  superintend,  we  recommend  a  very  different  man 
from  what  we  do  when  we  were  asked  for  an  analyst  or  a  surveyor. 

Advantage  to  31ines  of  having  their  Ores  treated  in  the  Laboratory, 
— We  will  cite  one  example.  The  Merrimac  Mine  of  Newburyport 
has  recently  called  an  engineer  from  a  distance  to  systematize  their 
smelting  works.  He  informs  me  that  the  figures  furnished  by  the 
students  were  of  very  great  value  to  him  in  planning  his  ore 
charge.  And  again,  as  soon  as  the  mine  is  prepared  to  establish 
washing-works,  and  the  matter  is  under  consideration  at  the  present 
time,  the  results  of  our  washers  will  be  at  their  service. 

To  sum  up  what  has  been  said  :  We  believe  that  such  a  course  of 
instruction  will  bring  out  latent  originality  if  a  student  has  anything 
of  it  in  his  composition,  and  that,  if  he  is  nothing  but  a  copyist,  his 
instructors,  as  well  as  the  man  himself,  will  be  convinced  of  the  fact 
before  he  leaves  his  school ;  and  again,  that  such  instruction  will 
enable  him  to  profit  far  more  by  his  visits  to  works,  or  studies  in 
them,  than  he  otherwise  would. 

The  testimony  of  graduates  of  the  school  and  of  their  employers 
bears  us  out  in  the  above  statements. 

4.  Degree  of  Accuracy  of  working  Ores  on  the  Small  Scale  as  com- 
pared with  the  Large  Scale. — On  the  large  scale  the  operations  are 
continuous.  If  a  little  is  left  by  one  charge,  it  is  taken  up  by  the  next 
one,  and  does  not  affect  the  total.  On  the  small  scale,  however, 
what  is  lost  in  one  charge  by  carelessness  is  not  picked  up  by  the  next, 
because  there  is  no  next  charge  to  follow  it.  In  large  works  men  are 
chosen  to  fill  places  by  their  skill  or  aptness  for  those  places.  On 
the  small  scale  the  students  spend  a  part  of  the  time  of  doing  the  work 
in  learning  how  to  do  it.  To  be  sure,  they  learn  vastly  quicker  than 
the   ordinary  hands  who  are  usually  employed  for  such  work ;  but 
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still  this  does  not  wholly  make  up  for  their  lack  of  skill  in  the  first 
instance,  nor  does  it  make  the  small  works  quite  on  a  par  with  the 
large  ones  in  this  respect. 

5.  Results  of  Work  in  the  Laboratory. — The  following  examples 
will  serve  to  show  the  kind  of  work  that  is  done  by  the  students,  as 
well  as  the  scale  of  it  and  the  degree  of  accuracy  attained. 

A  lot  of  poor  ore  from  the  dump  heap  of  the  Merrimac  Mine  of 
Newburyport,  weighing  8485  pounds,  was  crushed  and  washed  to 
separate  the  argentiferous  materials  from  the  gangue  rock,  and  yielded 
these  proportions : 

1.  A  smelting  ore,     .     .     weighing  624J  pounds. 

2.  A  middle-grade  ore,  "       1823i       "^ 

3.  Kefuse,     ....  "       m\Cj\       " 

Referring  this  yield  to  one  ton  of  crude  ore,  the  intrinsic  value  of 
the  metals  in  tUe  products  obtained  fr»m  it  would  be : 

1.  Smelting  ore,  14.7.14  lb.,  containing  39.4     per  cent,  lead,  or  57  92     lb  ,  or  $3  47 

0.7  "         silver,  or    .103      "  1  73 

.0024    "^        gold,  or      .00353 "  1  06 


$«  26 
2.  Middle-grade  ore,  429. 8 lb.,  containing  9.11    per  cent. lead,  or  39.15  lb.,  or  $2  35 

.031         "         silver,  or  .133      "       2  13 
.00114    "         gold,  or     .0049    "       1  47 


$5  95 
3.  Eefuse  1418.06. lb.  containing      1.25       per  cent,  lead,  or  17.72      lb.,or$l  06 

.0116         "■  silver,  or    .1645    "  2  63 


$3  69 


Total, 13  37 

The  ore  itself  was  valued  for  lead  and  silver,  but  not  for  gold,  with 
this  result :, 

1  ton  contained  5.23  per  cent,  lead,  104.6  lb.,      .         .     $6  28 
.02  per  cent,  silver,      .4  "         .         .       6  42 

$12  70 

The  values  of  the  above  products  would  be: 

1  ton  smelting  ore,  .     39.4      per  cent,  lead,     788  lb.       $47  28 
.07  "  silver,  20.41  oz.      23  47 

.0024      "  gold,        .6998  oz.  14  42 

$85  17 

1  ton  middle-grade  ore,  9.11        per  cent,  lead,  182  lbs.     $10  92 

.031  "        silver,  9.039  oz.     9  94 

.00114         "       gold,      .3324"       6  85 

'-  $26  49 

1  ton  refuse.     .     .     .     L25        per  cent.  L-ad,     25  1b.       $150 
.0116  "        silver,    3.382  oz.  3  72 

$5  22 
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A  lot  of  lead  ore,  composed  chiefly  of  galena  with  a  little  pyrite, 
blende,  quartz,  and  feldspar,  from  ore  of  the  veins  crossed  by  the 
Burleigh  tunnel  of  Georgetown,  Colorado,  was  roasted,  agglomerated 
smelted,  refined,  and  cupelled.     It  gave  the  following  results: 

Ore, 1100  lb.  @  67.37  per  cent,  lead,    675.07  1b. 

.095      "  silver,  15  24  oz. 

After  roasting  and  agglomerating,     996]  lb.  @  60.68  per  cent,  lead,    604.52  lb. 

.086         "       silver,    12.48  oz. 
After  smelting  and  refining  to  soft  lead,  429.75  lb.@  98.95  per  cent,  lead, 425  24  lb. 

1.97      "         silver,  12.33  oz. 

From  which  it  appears  that  the  loss  in  roasting  and  agglomerating 
was  70.55  pounds  lead  and  2.7(5  ounces  silver;  smelting  and  refining 
was  179.28  pounds  lead,  and  .15  ounce  silver.  This  loss  in  silver  is 
too  little  to  represent  the  truth,  as  12.33  ounces  is  known  to  be  too 
high  ;  the  sample  was  taken  from  the  tops  of  the  pigs. 

The  zincing  was  accomplished  by  stirring  in  one  per  cent,  of  zinc 
with  melted  lead,  and  then  casting  it  in  ingots  and  sweating  it.  This 
operation  was  repeated  three  times,  and  each  time  yielded  a  rich 
argentiferous  zinc  dross  and  a  poorer  zinciferous  lead ;  the  actual 
weight  of  silver  in  each  of  these  six  products  is  here  given: 

429.75  pounds  refined  lead,  @  .197  per  cent,  contains  12.33  ounces  silver. 

1st.  Argentiferous  dross,  9.73  ounces  silv.er  (a  little  high),  sample  poor. 

1st.  Sweated  lead,  .     .     .  3.09  "  by  assay. 

2d.  Argentiferous  dross,  2.895  "  {by  difference). 

2d.   Sweated  lead,  ...       .195  "  by  assay. 

8d.  Argentiferous  dross,       .145  "  (by  difference). 

3d.  Sweated  lead,       .     .  .050  "  by  assay. 

This  la.st  sweated  lead  contained  but  .001  per  cent,  of  silver.  The 
distilling  and  final  cupelling  were  not  as  successful  as  the  rest,  as 
from  breaking  of  the  cupel  and  other  mishaps  only  9.73  ounces  of 
pure  silver  were  obtained. 

A  copper  ore  from  Sante  Fe  was  worked  by  a  student  who  was 
preparing  himself  to  go  to  the  mine.  His  main  object  was  to  ex- 
periment on  slag,  to  find  out  a  suitable  composition  that  would  yield 
soft,  clean  copper  in  the  blast  furnace. 

The  ore  was  composed  of  malachite,  chryscolla,  cuprite,  atacaraite, 
with  a  very  large  quantity  of  grossularite  (lime  garnet),  and  also 
quartz,  calcite,  and  a  little  pyrolusite.  Its  chemical  composition  is 
given  in  the  table  below. 
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The  run  was  divided  into  halves;  after  the  first  was  through,  the 
furnace  was  run  out  and  then  charged  up  again  wifh  a  new  mixture. 
During  the  first  run  the  slag  was  planned  to  carry  a  high  per  cent,  of 
iron,  during  the  second  run  it  was  planned  for  a  high  per  cent,  of 
lime. 


The  results 

are  as  foil 

lows : 

Fi; 

I'st-ruE 

[  slags. 

Second- 

■run  slass. 

Ore. 

As 

plant 

led. 

As  obtained. 

As  planned. 

As  obtained. 

SiO„    .    . 

, 

38.40 

40 

46  07 

46. 

49.90 

AiA.  •    • 

14.95 

16 

20  92 

17.5 

10.53 

Fe,03,  .     . 

13.11 

.  . 

FeO, 

34 

16.65 

15. 

1417 

CaO,     .     . 

10.63 

10 

7.01 

21.05 

20.01 

M^O,    .     . 

trace 

.  . 

trace 

.20 

MnO,   .     . 

.80 

2.35 

.... 

.48 

Cu,  .     .     . 

. 

12.32 

.  . 

1.23 

.... 

1.55 

H^O  &  CO,, 

etc.  \ 

undetermined. 

/ 

It  will  be  noticed  at  once  in  the'first-run  slag  as  obtained  a  monstrous 
deficiency  in  FeO.  This  will  be  accounted  for  by  the  pig  copper 
from  this  run,  which  contained  18  per  cent.  iron. 

The  second  run  was  much  more  nearly  adjusted  to  suit  the  fur- 
nace reactions,  as  is  shown  by  the  slag,  which  is  not  very  for  from 
the  plan,  and  also  by  the  copper,  which  was  soft  and  malleable,  and 
contained  but  .3  per  cent.  iron. 
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BY  ROBERT  H.    RICHARDS,   PROFESSOR   OF   MINING,    MASSACHUSETTS 
*  INSTITUTE  OF  TECHNOLOGY,   BOSTON. 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

During  the  summer  of  1870,  I  had  an  opportunity  to  visit  the 
laboratory  of  the  late  David  Forbes,  Esq.,  in  London,  and  was  much 
interested  in  a  labor-saving  device  which  he  had  attached  to  hi.s 
agate  mortar.  The  mortar  was  placed  in  the  centre  of  a  small  table, 
and  about  ten  inches  to  the  right  of  the  mortar,  a  post,  perhaps  two 
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feet  high,  Avas  firmly  fixed  to  tlie  table.  Hiuged  to  the  top  of  this 
post  was  a  lever  arm,  extending  hori- 
zontally towards  the  left;  and  at  a 
point  in  this  lever,  which  was  verti- 
cally over  the  centre  of  the  agate  mor- 
tar, ah  npright  rod  was  attached,  and 
in  tlie  lower  extremity  of  the  rod  the 
agate  pestle  was  firmly  inserted.  The 
apparatus  was  completed  by  having  a 
weight  huno;  on  the  left  or  outer  end 
of  the  lever.  The  pressure  of  tliis 
weight  was  multiplied  by  the  lever 
and  transmitted  to  the  agate  pestle 
through  the  upright,  and  thus  saved 
mnch  of  the  labor  needed  in  ordinary 
agate  mortar  crushing. 

The  ideas  derived  from  this  mortar 
in  use  in  Mr.  Forbes's  laboratory,  and 
from  the  use  of  an  edgestone  mill  or 
Chilian  mill  for  crushing  ores  in  the 
mining  laboratory  of  the  Institute  of 
Technology,  have  taken  form  in  the 
instrument  I  am  about  to  describe. 

The  edgestone  for  laboratory  work 
consists  of  an  agate  wheel  rolling  upon  an  agate  slab,  and  pressed 
down  upon  the  latter  with  great  force  by  a  common  elliptical  car- 
riage spring  which  is  screwed  to  the  ceiling.  The  crushing  power 
is  so  great  that  grains  of  quartz  1-12  to  1-10  inch  in  diameter  may, 
by  rolling  the  wheel  over  them  to  and  fro  a  half  dozen  times,  be  so 
comminuted  that  seventy-five  per  cent,  of  the  whole  will  immediately 
pass  through  a  1-100"  mesh  sieve.  The  agate  plate  is,  in  length, 
breadth,  and  thickness,  6"  X  4"  X  1",  the  wheel  is  3"  in  diameter, 
and  \"  thick,  and  revolves  on  a  steel  axle  f"  thick. 

It  is  mounted  in  a  Y  or  fork  much  like  that  used  for  the  front 
wheel  of  a  bicycle.  Above  the  fork,  the  metal  is  rounded  and 
smoothed  to  serve  as  a  handle.  A  wooden  joist  2"  X  2|"  transmits 
the  pressure  of  the  spring  to  the  wheel. 

I  cannot  yet  tell  with  certainty  what  tiie  quantity  of  work  that  it 
is  capable  of  doing  may  be,  or  the  variety.  In  a  single  trial,  a  lot 
of  quartz  sand,  which  at  the  start  would  pass  through  1-12"  mesh 
sieve,  and  mostly  rest  on  1-16"  mesh  sieve,  weighing  92  grams,  was 
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wholly,  to  the  last  grain,  put  through  a  1-100"  mesh  sieve  by  me  in 
half  an  hour,  without  assistance  in  sifting,  etc.  Were  it  not  for  the 
fact  that  it  was  necessary  to  put  the  last  grains  through  the  sieve,  a 
much  better  record  could  have  been  made. 

Upon  oily  substances  it  will  probably  do  little  work.  It  squeezes 
the  oil  from  Indian  corn,  and  then  refuses  to  roll. 

In  regard  to  the  contamination  of  the  sample  by  silica,  the  obser- 
vations thus  far  tend  to  show  that  this  takes  place  much  less  here 
than  with  the  grinding  action  of  the  agate  mortar.  In  one  instance 
some  pure  crystallized  corundum  was  crushed,  and  the  face  of  the 
plate  seemed  but  little  touched  by  it.  It  seems  probable  on  this 
account  that  steel,  for  most  purposes,  might  be  used  as  a  substitute 
for  agate. 

A  steel  wheel  and  })late  complete  would  probably  cost  ready  for 
use  from  ^12  to  $20,  according  to  the  finish.  The  total  cost  of  the 
agate  apparatus  in  use  by  me,  owing  to  inadvertence  on  my  part, 
cost  very  high.  Its  details  were  as  follows:  plate,  |13;  wheel,  $13; 
machine  work,  $12;  spring,  $1 ;  woodwork,  $1 — total,  $40. 

The  advantage  of  grinding  action  over  rolling  for  crushing  min- 
erals needs  hardly  to  be  considered  in  discussing  the  economy  of  this 
wheel  as  compared  with  the  agate  mortar,  yet  with  the  25  or  per- 
haps 50  per  cent,  advantage  which  the  agate  mortar  may  have,  this 
sinks  into  insignificance  when  compared  with  the  advantageous  cir- 
cumstances under  which  the  wheel  is  placed. 


NOTE  UPON  THE  COST  OF  TWO  BLAST  FUENACES  IN 
THE  CLEVELAND  DISTRICT  IN  ENGLAND. 

BY   P.    BARNES,    PLAINFIELD,    NEW   JERSET. 

(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

In  vol. -S3  of  the  Proceedings  of  the  Institution  of  Civil  Engineers, 
London  (jiart  2,  for  1870-71),  may  be  found  a  statement  of  the  cost 
of  two  blast  furnaces,  together  with  a  somewhat  detailed  description. 

The  attempt  will  be  made  in  this  note  to  restate  these  items  of 
cost,  so  that  the  information  may  be  rendered  perhaps  more  accessible 
to  our  members  than  in  its  present  place  of  record,  and  also  "in  order 
that  the  items  may  be  more  intelligibly  compared  among  themselves, 
or  with  similar  items  in  other  cases. 


IN    THE    CLEVELAND    DISTRICT    IN    ENGLAND. 
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The  leading  dimensions,  etc.,  of  these  furnaces  are  as  follows 

Diameter  of  bosli, 13  feet. 

hearth, 8     " 

"             bell, 13     " 

Height  to  platform, 85     " 

Capacity, 30,085  cubic  feet. 

Product  per  week, 500  tons. 

Average  consumption  of  coke  per  ton,    ....  20.35  cwt. 


Cost  op  Furnace  Plant. 
Each  item  is  given  in  a  fraction  of  the  total  cost. 


Two  furnace  stacks, 18672 

Furnace  gallery, 01523 

"         hoist, 01727 

Hoist  engine  and  house,     .     .     .  .01921 

Kiln  gantry, 04175 

Kiln  drop,  for  empty  cars,      .     .  .01409 

Bunkers, 03348 

Kiln  lift,  for  loaded  cars,    .     .     .  .03968 

5  calcining  kilns, 07683 

18  hot-blast  stoves, 11079 

8  boilers  with  fittings, 091 10 

2  pair  blowing-engines, 08397 

Engine-house  and  tank,      .     .     .  .04383 

Cold-blast  main, 01029 

Total  cost  of  two  furnaces  and  fixtures 


Hot-blast  main, 02128 

Gas  down-comer  and  flues,      .     .  .03060 

Chimney, 00S86 

Force  pump  and  all  pipes,       .     .  .03534 
Floor  plates  and  paving,    .     .     .  .01031 

2  locomotives, 03107 

18  metal  buggies, 00926 

30  slag  buggies, 01 301 

20  charging  buggies, 00160 

1  scale, 00053 

li  miles  railway, 05390 


Unit  footing, i. 00000 


in  money,    .• £S^'33i 


Cost  of  Furnace  Stacks. 


Concrete  foundation, 0044 

Eed  brick  foundation, 0496 

"  pig  bed, oiSi 

Fire-brick  foundation, 0217 

Fire-blocks  for  hearth, 1207 

"  "       lining, 1004 

Stone  curb, 0241 

Lime,  etc.,  pig  bed, 0026 

"  furnace  foundation,      .  .0101 

Fireclay, 01 18 

Coal  used  in  building, 0066 

Brickwork  in  pig  bed, 0072 

"         "      furnace, 1270  Unit  footing, i.oooo 

Wrought-iron  shell  and  rivets,      .  .1561 

Total  cost  in  money  of  two  furnace  stacks, x^io,5i7 


Boilermaker's  labor, 0612 

Bell  and  hopper, 0551 

12  stack  columns, 0496 

Belly  pipe, 0102 

Slag  boxes, 0418 

Water  boshes, 0021 

Sundry  castings, 0583 

Pipes  and  fittings, 0068 

Coping  plates  to  pig  bed,      .     .     .  .005 1 

Stores  and  tools, 01 18 

Wages, 0376 
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Cost  of  Calcining  Kilns. 


Excavating, 0057 

Slag  wall, 0462 

Red  brick, 0600 

Fire-blocks, 1131 

Fire-clay, 0057 

Lime  and  sand, 0404 

Brickwork, 0554 

Castings, 2926 

Total  cost  in  money  of  five  calcining  ki 


Cone  at  base, o577 

Wrought-iron  shell, 2032 

Boilermaker's  work, 0808 

Stores  and  tools, 0092 

Wages, 0300 


Unit  footing, i  .0000 

Ins, ;^4,326 


Cost  of  Boilers. 


Excavation, 0066 

Slag  wall, 0128 

Red  brick, 0356 

Fire-brick, 1406 

Lime  and  sand, 0148 

Fire-clay, 0107 

Brickwork, 0639 

8  boilers, 3620 

Mountings, 0506 

Total  cost  in  money  of  eight  boilers,  . 


Safety  valves, 0148 

Sludge  valves,     .......  .0062 

Lagging,  cement,  etc., 0196 

Sundry  castings, 0931 

Stores  and  tools, 0403 

Wages, 1 284 


Unit  footing, i.oooo 

^5,132 


Cost  of  Hot-Blast  Stoves. 


Excavating, .0025 

Concrete,  etc., 0109 

Red  brick, 0990 

Fire-brick, 0719 

Lime,  etc., 0262 

Fire-clay, 0054 

Stonework, 001 1 

Brickwork, 0862 

Iron  borings, .     .     .' 0032 

Stove-pipes,  628  tons, 4667 

Stove-pipes,  erecting, 0241 

.    Total  cost  in  money  of  eighteen  stoves. 


Valves, 0040 

Valves,  36  in.  x  12  in., 0317 

Valves,  18  in.  x  18  in., 0230 

Wrought-iron  chimneys,      .     .     .  .0145 

Wrought-iron  ladders, 0009 

Sundry  castings, 045^ 

Stores  and  tools, 0198 

Wages, 0633 


Unit  footing, i  .0000 

;^6,24i 


Cost  of  Chimney. 


Lime  and  sand, 1162 

Brickwork, 3006 


Excavation, 0160 

Concrete, 0200 

Red  brick, 5272 

Fire-brick, 0200  i.oooo 

Cost  in  money, ;i{i^499 
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NOTE  UPON  THE  COST  OF  SIX  BEGENEEATIVE  FUENACES, 

BUILT    IX    1875   AT   THE    EDGAR   THOMSON    STEEL    WORKS,    NEAR    PITTSBURGH, 
FOR    HEATING   STEEL  INGOTS    AND  BLOOMS. 

BY   P.    BARNES,   PLAENFIELD,   NEW  JERSEY. 

(Read  at  the  Wilkes-Barre  Meeting,  Mav,  1877.) 

These  furnaces  are  of  the  ordinary  Siemens  type,  and  present  no 
special  peculiarities  of  construction.  The  bed  of  each  is  8  feet  by  20 
feet  clear  inside  of  the  walls  and  ports.  The  producers  are  placed  at 
a  distance  of  about  200  feet  from  the  furnaces,  and  the  gas  is  collect- 
ed in  an  iron  tube  and  led  across  the  yard  overhead.  It  then  drops 
underground  into  the  gas  flue,  and  is  distributed  to  the  furnaces.  A 
considerable  weight  of  floor-plates  over  the  valve-pits  is  included  in 
account  39,  but  none  of  the  general  stock  of  floor-plates  for  the  mill 
were  charged  to  the  furnaces. 

In  Table  No.  1  is  shown  the  money  cost  of  the  furnaces  as  dis- 
tributed to  the  several  accounts  named. 

In  Table  2  is  shown  the  proportion  of  each  account  due  to  each  of 
the  several  items  or  classes  of  expenditure  named. 


Table  Xo.  I. 


Account. 

Class. 

Money. 

Per  cent. 

35 
36 
37 
38 
39 

Producer,  brickwork. 

"           castings. 
Gas  flue. 
Furnace,  brickwork. 

"         castings. 

$8,087 

9,996 

4,777 

29,705 

19,472 

.112 

.138 
.066 
.414 
.270 

572,037 

1.000 

It  is  thus  rendered  possible,  almost  at  a  glance,  to  determine  the 
money  value  in  this  particular  case  of  each  of  the  items  named.  The 
regular  work  of  three  of  these  furnaces  in  heating  steel  blooms  for 
the  months  of  January  and  February,  1877,  was  77  rounds  per  week 
of  60  blooms  each,  or  4620  30-foot  rails  per  week.  Each  furnace 
will  heat  8  14-inch  ingots,  for  three  rails  each,  at  one  time. 
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Table  No.  II. 


Item. 


I 

2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 
13 
14 
15 
16 

17 
18 

19 


Class. 


Lime, 

Sand,  

Cement, 

Concrete,  .... 
Red  brick,  .... 
Fire-brick  and  clay,  . 
Bricklaying,  .  .  . 
Skilled  labor,  .  .  . 
Common  labor,      .     . 

Teams 

Bar  iron, 

Castings, 

Plate  iron,  .... 
Cooling  tubes,  .  .  . 
Iron  beams,  .... 
Reversing  valves, .  . 
Charging  hoppers, 

Lumber, 

Hardware,    .... 


Accounts. 


.026 
.026 
.030 
.106 
.123 
•370 
.213 
.041 

•037 
.028 


005 


037 
047 
009 
069 
312 
007 
430 
046 

025 
013 


048 
149 
084 
254 

166 

043 
048 
077 

094 
036 


38 


0134 
0155 
0134 
1006 
0452 
4985 
1532 
0754 
0422 
0400 


.0026 


39 


.0261 
.0627 

.0239 

•5654 
.1177 

.010-5 
.1866 


.0073 
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AS  MADE  IN   I860,   IN  A  LEADING  ENGLISH  RAILWAY  COMPANY'S    ROLLING  MILL. 

BY  P.    BARNES,   PLAINFIELD,   NEW  JERSEY. 

(Read  at  the  Wilkes-Barre  Meeting,  May,  1877.) 

The  tabular  statement  accompanying  this  note  shows  the  money 
cost  in  each  of  the  three  departments  of  manufacture,  of  17  leading 
items,  and  also  the  proportion  (expressed  in  a  decimal  fraction)  which 
each  of  these  items  bears  to  the  total  cost. 

The  statement  can  hardly  be  taken  for  more  than  an  average  illus- 
tration of  the  clear  showing  of  ratios  and  of  results  which  iiiay  be 
made  by  such  an  arrangement,  for  not  only  will  these  items  vary 
from  month  to  month  in  any  given  works,  but  the  methods  them- 
selves of  manufacture  differ  widely  in  different  works. 

It  is  obvious  that  such  a  statement,  however  useful  it  may  be, 
must  be  submitted  with  but  exceedingly  little  explanation  "or  discus- 
sion, or  with  none  at  all,  for  the  reason  that  to  enter  at  any  satisfac- 
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toiy  length  upon  the  merits  of  the  case  would  require  a  paper  far 
exceedino;  the  limit  of  this  note: 


Cost  of  English  Iron  Rails,  1866. 


Classification. 


Coal,  .... 
Pig  Iron,  .  .  , 
Scrap  Iron,  .  . 
Old  castings,  .  , 
Turnings,  .  .  . 
Puddled  bars,  , 
Old  rails,  .  .  . 
Cobbles,  etc.,  .  . 
Scrap  from  blooms, 
Blooms,      .... 

Labor, 

Fire-brick  and  clay. 
Castings  and  bar  iron 
Repairs,     .... 

Stores, 

Interest  on  capital, 
General  expenses,  . 

Total  footing,  .  . 
Unit  footing,  .  . 
Credit  deduction,     . 

Total  cost,  £  sterling. 

Product,  4  weeks,  tons, 

Cost  per  ton,  £  sterling, 

Cost  per  ton,  American 

gold  ($4.84),    .     .     . 


PudtUitig  Forge. 


Motley 
cost,  £ 
sterliug. 


326 
1,460 

473 

66 

249 


440 

45 
i;!2 


23 
25 
17 


5.429 


3.429 


Frac- 
tion. 


•09s 
.427 

•135 
.019 

•073 


.036 

".128 
.013 
.038 
.014 
.007 
.007 
.005 


5.90 

5-81 


Blooming  Forge. 


Money 

cost,  £ 
sterling. 


255 

'78 


3.591 
140 


545 
15 

30 
26 

75 
17 


4.772 
'  136 


4.636 


Frac- 
tion. 


053 
016 


754 
029 


114 
003 

006 
005 
016 
004 


1.009 
4-59 


Rail  Mill. 


Mom^y 

cost ,  £ 
sterling. 


289 


70 


3.515 
486 


4,634 
742 


72 

92 
100 

65 


10,073 
'837 


9.236 


Frac- 
tion. 


028 


007 


349 
048 


462 

073 
001 

007 
009 
010 
006 


1. 401 
6.59 

31-89 


MEMORANDUM  RELATING  TO  THE  BOILER  ACCOUNT 

AS    KEPT    DURING    THE    CONSTRUCTION    OF    THE    EDGAR    THOMSON    STEEL    WORKS, 

PITTSBURGH,  PA. 


BY  P.    BARNES,   PLAINFIELD,   NEW  JERSEY. 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

The  subdivisions  of  this  account  are  numbered  27,  28,  29,  30,  31, 
32,  and  33,  in  the  general  series  of  construction  accounts,  and  give 
the  details  of  cost  of  the  various  items  of  the  work,  as  noted  below : 

Accounts  32  and  33  relate  to  hand-tools  and  to  heaters,  and,  being 
quite  small  in  total  amount,  are  omitted  in  this  statement. 
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The  accounts  were  all  as  minutely  subdivided  as  possible,  and  tliey 
show  simply  the  sums  of  money  paid  for  the  materials  or  for  the 
labor  involved,  the  items  being  taken  by  permission  from  the  orig- 
inal vouchers  filed  in  the  office  of  the  company. 

All  items  less  than  $5,  and  all  sums  paid  for  freight,  are  omitted 
in  making  up  the  abstract,  so  that,  while  it  does  not  show  with 
absolute  minuteness  the  details  of  cost,  yet  it  may  serve  a  useful 
technical  or  professional  purpose  as  a  basis  for  comparison  with  sim- 
ilar details  of  work  executed  elsewhere. 

It  may  be  needful  to  say,  by  way  of  brief  explanation,  that  the 
boiler-house  referred  to  is  46  feet  wide  by  180  feet  long,  and  aifords 
room  for  20  boilers,  of  which  16  were  erected,  and  are  included  in 
the  statement  of  cost. 

Each  boiler  is  5  feet  diameter  and  15  feet  long,  and  had  40  4|-inch 
tubes.     Six  tubes  have  since  been  removed  from  each  boiler. 

The  boilers  are  set  in  plain  brick  walls,  the  usual  grate  being 
placed  beneath  one  end,  and  the  gases  return  through  the  tubes  and 
escape  through  a  75-foot  iron  chimney  set  in  front  of  each  boiler. 

The  item  shown  in  account  31,  for  pipes  and  fittings,  comprises 
all  the  material  and  labor  expended  for  that  purpose  for  conveying 
steam  or  water  throughout  the  entire  establishment.  The  "common 
pipe"  comprises  medium  and  small  sizes,  the  "large  pipe"  simply 
large  sizes  of  roUed  pipe,  while  the  "sheet-iron  pipe"  includes  all 
riveted  work  made  from  sheet  or  plate  iron.  The  hydraulic  pipe 
is  all  of  special  thickness,  for  cranes  and  other  special  machinery 
using  hydraulic  pressure. 

A  coj)y  of  the  list  of  accounts  is  appended  to  this  paper  for  con- 
venient reference. 
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Class. 


Rubble  work,  .     .     . 

Cement, 

Sand 

Lime, 

Water, 

Red  brick,  .... 
Fire  brick  and  clay. 
Bricklaying,  .  .  . 
Lumber,  .... 
Window  frames,  .  . 
Roof  iron,  .... 
Shells  and  domes,    . 

Tubes 

Wrought  beams, .  . 
Chimneys,  .... 
Castings,  .... 
Bar  iron,  .... 
Hardware,  .... 

Lead. 

Sulphur,     .... 

Coal, 

Oil, 

Paint, 

Common  pipe,  .  . 
Large  pipe,  .  .  . 
Hydraulic  pipe,  .  . 
Sheet-iron  pipe,  .  . 
Copper  works,  .  . 
Steam  valves, .     .     . 

Rubber, 

Common  labor,  .  . 
Skilled  labor, .  .  . 
Teaming 


Totals, 


House. 


27 


$3,910 

54 
25 


133 
1,160 

'  "580 

579 
489 

4,136 


93 


52 


126 
318 


$11,914 


Shells,  etc. 


Brickwork. 


Castings. 


31: 


23,482 

9,333 
878 

7,384 
413 
126 


49 

41 

117 


472 

2,271 

208 


$45,016 


$562 
75 
54 
18 

'  '   86 

3,286 

1,401 

166 


56 


55 
643 
150 


•  •     I 


$3,811 
82 

97 


13 


134 
348 


Pipes. 


$858 

88 

458 

255 

51 

78 

45 

10 

6,815 

4,812 

1,636 

5,3  >3 

873 

650 

290 

942 

3,402 


$6,573        $4,485      $26,616 


Total  of  five  accounts  noted,  $94,604. 


A.    CONVERTING    WORKS. 

1.  Building.  —  Foundations;  brickwork;  timber  and  bolts  in 
walls;  roof;  ovens  and  tracks ;  cupola  piers;  spiegel-furnace  piers; 
casting-pit  walls  and  iron  coping;  iron  columns  behind  converters; 
window  frames ;  hinge  irons. 

2.  Blowing  Engines. — Foundations ;  bolts  and  washers ;  air  re- 
ceiver. 

3.  Pressure  Pumps. — Foundations ;  bolts  and  washers ;  accumu- 
lator; regulator  with  valves  and  platform. 

4.  Cupola  Bloicing  Engine. — Foundations;  bolts  and  washers. 

5.  Cupola  Furnaces. — Bed-plates;  stacks;  brick  lining;  spouts  for 
leading  metal  with  their  wheels  and  hangers ;  cupola  ladles  and 
scales. 
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6.  Converters. — Foundations;  bottoms;  tuyere  boxes  ;  bottom  cars 
and  lift ;  rotating  gear ;  stacks;  stack  lining. 

7.  Cranes. — Foundations;  bolts  and  washers;  top  guides;  ladles; 
stoppers ;  oven  crane. 

8.  Cupola  Lifts.  —  Foundations;  frame;  hydraulic  cylinders; 
chains;  valves;  buggies  for  iron  and  coal. 

9.  Floor  and  Galleries. — At  cupola  base;  at  cupola  charging  doors; 
behind  converters;  brick  paving;  bins  and  shelves  for  materials. 

10.  Synaller  Machines  and  Fixtures. — Crusher;  pulverizer;  grind- 
ing rolls ;  pug  mill ;  cinder  mill ;  shafting,  couplings,  and  pulleys  ; 
shaft-hangers  and  wall-plates;  belt;  engine  and  fly-wheel ;  fan  for 
Spiegel  furnace. 

11.  Spiegel  Furnace. — Plates;  brick  lining;  iron  stack ;  damper. 

12.  Lift  for  3Ielted  Lron. — Foundation;  frame;  cylinder  and 
ram ;  car ;  valve. 

13.  Sheet-iron  Pipes  and  Valres. — To  regulator  from  receiver ;  to 
converters;  to  cupolas;  to  spiegel  furnace. 

14.  Hand  Tools.  —  For  converters;  for  ladles;  for  cupolas;  for 
engines;  for  cranes;  for  spiegel  furnaces;  for  crushing  apparatus; 
for  bottom  casting. 

B.    RAIL    MILL. 

15.  Building. — Foundation  for  columns;  base  plates  and  setting; 
iron  columns;  roof 

16.  Engine  and  Moll-Train  Foundations. — Masonry;  bolts  and 
washers. 

17.  Large  Eng in  es. 

18.  Blooming  Train. — Tables;  regulator;  belts;  floor  over  pits. 

19.  Rail  Train. 

20.  Smaller  Engines  and  Fixtures. — Foundations;  engine  for 
punch,  etc.;  drills;  presses;  saws  with  engine  and  carriage;  shaft- 
ing ;  belts  ;  rollers  for  transfer  of  rails. 

21.  Hot  Bed. — Cold  bed;  strait  plate;  rollers  from  train. 

22.  Hammer. — Foundation  ;  bolts  and  washers. 

23.  Cranes. — At  bloom  mill;  to  pile  blooms;  to  change  rolls; 
traveller  in  yard. 

24.  Hand  Tools. — ^yrenches;  tongs;  hooks  at  rolls  and  ham- 
mer, with  runs  and  hangers;  at  drills  ;  at  press ;  at  punch  ;  sledges; 
telegraphs  with  tongs;  buggies. 

25.  Track  Scales. — Foundation. 

26.  Floor  Plates. 
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C.    BOILERS. 

27.  Building. — Foundation  ;  timber  and  bolts  in  walls  ;  window 
frames;  roofs. 

28.  Boilers. — Stacks  and  bearers. 

29.  Boiler  Setting. — Foundation;  fire-brickwork;  red -brick  work. 

30.  Castings. — Binders  and  bolts ;  grates  and  frames ;  floor  plates; 
ash  and  fine  doors  ;  rollers  and  plates. 

31.  Pipes. — Main  steam  pipe;  safety  valves;  stop  valves  of  all 
kinds  (except  those  furnished  by  contract  with  engine);  all  pipes  for 
steam  or  water,  whether  of  cast  or  wrought  iron ;  hangers ;  bolts ; 
covering  for  pipes. 

32.  Tools. — Pokers ;  hoes  ;  bars ;  steam  gauges ;  gauge  cocks  ; 
gauge  glasses. 

33.  Feed  Pumps  and  Heaters. — Foundations. 

D.    FURNACES. 

34.  Producer  House. — Foundation  ;  brickwork  ;  iron  columns  ; 
roof 

35.  Producers. — Foundation  ;  red-brick  work  ;  fire-brick  work. 

36.  Castings  for  Producers. — Binders  and  bolts  ;  plates  ;  hoppers ; 
cooling  tubes  ;  grates. 

37.  Gas  Flue. — Foundation  ;  brickwork  ;  man-hole  plates. 

38.  Furnaces. — Foundation  ;  red-brick  work  ;  fire-brick  work. 

39.  Castings  for  Furnaces. — Binders  and  bolts  ;  plates;  flooring; 
valves ;  doors ;  bottom  plates  and  bearers. 

40.  Tools. — Bars  ;  hoes ;  hooks  ;  short  peels. 

41.  Charging  Machinery. — Cylinders;  valves;  chains;  sheaves; 
framing  at  furnaces ;  long  peels. 

42.  Chimneys. — Foundations  ;  base  plates  ;  bolts  ;  bolts  and  wash- 
ers ;  iron  shells;   brick  lining. 

E.    BUILDING    FOR    OFFICES   AND    SHOPS. 

43.  Building. — Foundation;  brick  walls  ;  roof;  window  frames ; 
floor ;  vault  with  doors. 

44.  Office. — Fixtures  ;  furniture. 

45.  Laboratory. — Chemicals;  balances;  fixtures;  furniture. 

46.  Store  Room. — Fittings. 

47.  Machine  Shop. — Engine;  boiler  and  fittings;  machine  tools ; 
hand  tools;  vises;  shafting  and  couplings ;  belts. 
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48.  Smith  Shop. — Forges ;  anvils ;  steam  hammer  ;  tools. 

49.  Oil  House. — Oil  tanks. 

F.    WATER  WORKS. 

50.  Building. — Foundations;    boilers;    pumps;    pipes    to    river 
and  to  works  ;  tank. 

G.    ROLLING   STOCK. 

51.  Locomotives. — Ingot   cars;    bloom    cars;   dump    cars;    yard 
wagons  and  carts. 

H.    RAILROADS. 

52.  Grading. — Wide-gauge  railroad  trestles  and  tracks  ;  narrow- 
gauge  railroad  tracks ;  coal  shoots. 

I.    SEWERS. 

53.  Excavations. — ^Brickwork  ;  pipe  supports. 

K.    SHEDS    FOR    MATERIALS. 

54.  Sheds  for  Brick. — Lime;  cement;  clay;  sand;']Goke;  coal  and 
iron  at  smith  shop. 

L.    RIGGING. 

55.  Pulleys., — Ropes  ;   derricks. 

M.    DROP. 

56.  i^ra?7ie.— Engine. 

N,.  GENERAL    EXPENSES. 

57.  Mechanical   Engineering. — ^Draughtsmen;    office    expenses; 
paper;  instruments,  etc. 

58.  Oivil  Engineering. — Draughtsmen  ;    office  expenses  ;   paper  ; 
instruments,  etc. 

59.  Accounts  at  Works.. — Clerks;  office  expenses ;  books ;  blanks; 
stationary,  etc. 

60.  Accounts  at   General   Office. — Bookkeeper;    clerks;    books; 
blanks;  stationery;  office  expenses,  etc. 

61.  General  Office. — Furniture;  rent;  incidental  expenses. 

62.  Watchman. 

O.    LEVELLING,    ETC. 

63.  Grading  premises,  etc. 
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MISSING  OBES  OF  IBON. 

BY  PERSIFOK  FRAZER,   JR.,   PHILADELPHIA. 

(Rpad  at  the  Amenia  Meeting,  October,  1877.) 

It  has  been  the  aim  of  the  writer,  by  measuring  his  base  line  on 
the  territory  of  theoretical  chemistry,  to  attempt  to  fix  by  triangula- 
tion  certain  points  within  the  domain  of  mineralogy. 

As  the  barest  first  experiment  in  this  direction,  a  few  of  the 
hydrated  oxides  of  iron  have  been  selected,  their  theoretical  construc- 
tion reduced  to  percentage  of  the  constituents  into  which  the  ordinary 
analytical  methods  would  resolve  them,  and  the  results  compared 
with  actual  analyses  compiled  from  the  most  reliable  sources;  the 
accidental  errors  being  as  much  as  possible  eliminated.  This  method 
seems  to  be  a  simple  one  and  one  easily  pursued,  but,  as  will  shortly 
appear,  it  is  beset  with  grave  difficulties,  all  of  which  the  writer  does 
not  pretend  to  have  satisfactorily  surmounted. 

In  the  first  place  arises  the  important  question,  what  are  we  to 
understand  by  the  hydrated  oxides  of  iron? 

In  all  books  of  chemistry  and  lexicons  of  minerals,  the  proposition, 
long  ago  taught  by  the  earlier  chemists,  that  water  might  exist  in 
two  forms  of  combination,  viz.,  as  water  of  crystallization  or  as  water 
of  constitution,  is  tacitly  assumed. 

There  is  nothing  in  the  principles  of  the  new  chemistry  which  is 
opposed  to  this ;  for  (to  carry  the  mind's  eye  into  the  process  of  con- 
struction o£  the  least  units  into  which  a  definite  chemical  compound 
is  capable  of  being  divided  without  losing  its  characteristic  proper- 
ties), however  unlikely  it  may  seem,  it  is,  nevertheless,  possible  that 
a  given  molecule  of  iron  may,  under  certain  conditions  of  heat, 
pressure,  etc.,  attract  to  itself  as  many  molecules  of  the  water  in 
which  it  is  natant  as  from  the  relative  size,  shape,  attractive  force, 
etc.  of  either,  it  is  capable  of  taking  up,  and  this  complex  system  of 
associated  molecules  might  oscillate  as  a  physical  unit  so  long  as  the 
conditions  on  which  its  existence  was  dependent  remained  unchanged. 
Moreover,  it  is  highly  probable  that  the  first  effect  upon  such  a  mole- 
cule produced  by  physical  or  chemical  forces  would  be  to  separate  it 
into  two  or  more  simple  ones  of  diflPerent  kinds,  while  a  further  ap- 
plication of  these  forces  might  rend  asunder  the  bonds  of  the  simpler 
compounds  themselves. 
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All  this  is  possible ;  and,  to  go  a  step  further,  it  is  possible  that  in 
a  solution  containing  di-antimony-ter-sulphicle,* 

[S"  =  Sb'"  —  S"  —  Sb'"  =  S''], 

and  silver  sulphide 

.  [Ag'-S"-Ag'], 
these  two  independent  molecules  swimming  in  the  same  menstruum 
may  have  such  an  attraction  for  each  other  as  to  pair  together,  wher- 
ever this  is  possible,  and  compound  another  and  more  complex  (phys- 
ical) molecule,  as  represented  in  the  formula  of  the  elder  Dana  for 
pyrargyrite.  This  is  possible,  provided  the  conditions  are  such  that 
no  more  and  no  fewer  molecules  of  the  one  can  be  retained  by  the 
other.     But  is  it  likely  ? 

It  is  not  claimed  that  any  unanswerable  arguments  will  be  pre- 
sented here  against  the  existence  of  molecular  affinities,  for  the  ob- 
ject of  the  paper  is  a  very  different  and  much  narrower  one.  It  may 
be  stated,  however,  that  after  admitting  all  the  above  as  possible,  a 
further  demand  is  made  on  our  credulity  in  the  presentation  of  other 
compound  molecules,  consisting  of  three  smaller  molecules.  Take, 
for  instance,  the  formula  in  J.  D.  Dana's  System  of  Mineralogy 
for  chalcopyrite  :  CujS+FeS  +  FeS,^.  Belief  in  the  existence  of  such 
a  compound  physical  molecule  transcends  the  power  of  a  not  too 
credulous  mind.  Suppose,  again,  that  we  had  a  menstruum  capable 
of  carrying  any  given  number  of  molecules.  In  the  first  place, 
is  it  probable  that  FeS  and  FeS.  could  exist  side  by  side  without 
forming  some  of  those  "mixtures"  of  FeS  and  FeSj  referred  to  by 
Prof  Dana  under  pyrrhotite? 

But  independently  of  this  objection,  how  are  we  to  conceive  of 
three  separated  but  saturated  molecules  so  arranging  themselves 
together  as  to  form  a  complex  molecule  in  which  there  shall  be  just 
one  of  each  of  the  smaller  molecules  represented  ?  The  graphic 
statement  of  this  condition  of  affairs  would  be  as  follows : 


(^     Cu Cu      ) 


L_Fe— ,    L_Fe- 


JU— —tJUJ   ' re 1     . re . 


Or(Cu,)"=rS"*  *  *Fe"  =  S"*  *  *Fe'"'S./'. 

To  suppose  that  the  molecular  attractions  would  enable  the  count- 
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less  millions  of  these  little  molecules  floating  (or  natant)  in  a  solvent 
to  select  just  one  of  each  for  the  new  compound  molecule,  would 
require  us  also  to  conceive  that  either  the  three  molecules  were  like 
the  three  parts  of  a  Chinese  puzzle  in  shape,  inasmuch  as  only  one 
of  each  would  dovetail  into  the  others,  and  thus  form  the  complete 
unit,  capable  of  withstanding  the  motions  impressed  upon  it  as  an 
integer  of  the  mineral ;  or  else  that  the  valences,  or  atom-saturating 
powers,  of  the  atoms  constituting  the  original  constituent  molecules 
were  changed  so  as  to  offer  reciprocal  bonds  to  weld  the  three  into 
one.  About  the  former  snpposition  nothing  sliall  be  said  except  this, 
that  owing  to  the  attacks  of  the  strict  constructionists  upon  those  who 
wish  to  allow  a  certain  ])lay  to  the  scientific  imagination  in  the  inter- 
pretation of  chemical  laws,  the  latter  have  been  completely  cowed: 
nevertheless,  although  the  chemical  conservatives  are  beating  a  mass 
of  horsehair  when  they  charge  any  sane  person  with  wishing  to  rep- 
resent the  actual  shape  of  any  molecule  by  the  affinity  lines  drawn  on 
paper,  ^^ere  must  be  such  a  shape ;  and  although  the  conclusion  is 
not  inevitably  true,  it  is  nevertheless  extremely  probable,  as  Prof. 
Tyndall  suggests  in  the  case  of  the  bar  magnet,  that,  could  we  sub- 
divide down  to  the  individual  molecule,  we  would  find  that  molecule 
polarized  and  exhibiting  at  opposite  extremities  the  electric  forces  of 
opposite  signs  observed  in  the  polar  parts  of  the  magnet.  And  to 
apply  to  this  Regnault's*  ingenious  hypothesis  as  to  the  production 
of  all  forms  in  a  crystal lographic  system  by  modes  of  axial  increment 
of  one  of  those  forms,  it  becomes  exceedingly  likely  that  the  molecule 
of  a  mineral  is  a  geometrical  solid  representing  one  (or  naore)  of  the 
forms  of  the  system  in  which  the  mineral  crystallizes.    ' 

If  this  be  so,  we  may  well  ask  of  Regnault  what  combination  of 
crystals  of  (Cu^S)  (chalcocite,  crystallizing  ortho-rhombic);  ferrous 
sulphide  (FeS),  known  in  nature  as  troilite,  and  either  massive 
(Dana),  or  hexagonal  (Otto);  and  pyrite  (FeS^,  isometric)  could  pro- 
duce chalcopyrite  {tetragonal),  which  includes  all  the  constituents  in 
the  proportion  existing  in  the  sum  of  the  three. 

As  to  the  second  supposition,  viz.,  that  in  presence  of  each  other  the 
valences  of  the  elements  constituting  these  supposititious  compounds 
change  so  as  to  offer  each  other,  reciprocally,  bonds  of  union  to  unite 
the  whole  into  one  mass,  it  leads  inevitably  to  the  theory  of  the  com- 
position of  minerals,  which  has  been  more  and  more  forced  upon  the 

*  Translation  by  Belton.     Edited  by  Booth  and  Faber.     Philadelphia,  1852. 
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writer's  conviction,  and  to  which  he  endeavored  to  give  expression 
four  years  ago  in  the  formulas  calculated  for  the  "  Tables  of  Min- 
erals;" and  the  only  question  he  would  raise  in  regard  to  such  ex- 
planation is  this :  How  do  we  know  that  such  compounds  were  ever 
present  at  all  ? 

What  the  change  of  valence  would  lead  to  is  easily  shown: 
Cu,S+FeS+FeS,  =  Cu,Fe,S,  =  CuFeS,.  * 

This  may  be  expressed  by  the  rational  formula  published  in  the 
"  Tables"  by  the  writer  in  1874  :  (Cu,)''  =  S,/'  =  (Fe,)"S./')"-t 

Leaving,  then,  the  consideration  of  the  theory  (now  less  generally 
accepted  than  formerly)  of  the  contemporaneous  existence  of  different 
compounds  as  integers  of  the  same  mineral  species ;  the  application 
of  this  to  the  first-stated  difficulty  is  sufficiently  natural.  What  is 
true  o^any  other  compound  may  be  suspected  of  hydrogen  oxide, 
and  what  applies  to  the  molecular  attractions  of  separate  compounds 
swimn^ing  in  water  may  be  applied  to  the  water  itself. 

It  is  true  that  the  picking  up  of  molecules  of  water  by  any  par- 
ticular molecule  of  a  mineral,  as  a  magnetized  steel  })icks  up  iron 
filings,  is  more  likely  than  the  selection  of  one  kind  of  molecule  by 
another  when  many  kinds  are  present;  but  it  will  be  admitted  that, 
if  a  consistent  hypothesis  can  be  stated  which  does  not  require  the 
admission  of  two  kinds  of  combination,  this  hypothesis  is  entitled, 
on  the  ground  of  its  greater  simplicity,  at  least  to  respectful  attention. 

It  will  appear  in  studying  the  hydroxidized  iron  minerals,  that 
such  an  hypothesis  may  be  found  in  one  which  abandons  water  of 
crystallization  altogether.  It  is  true  that  if  one  heats  Limonite  or 
Gothite,  water  vapor  will  be  expelled  and  the  final  result  will  be 
red  oxide  of  iron  ;  but  this  no  more  proves  that  the  oxide  formed 
one  molecule  and  that  the  water  molecule  was  linked  to  it,  than  the 
production  of  carbonic  oxide  from  formic  acid  by  the  extraction  of  a 
molecule  of  water  proves  that  the  water,  as  such,  existed  in  combina- 
tion with  the  oxide.     Without  attempting  to  dogmatize  as  to  whether 

*  This  latter  form  is  the  one  adopted  in  the  "  Textbook  of  Mineralogy,  by  Ed- 
ward Salisbury  Dana,  on  the  plan  and  with  the  cooperation  of  James  D.  Dana. 
It  is  proper  also  to  add  that  the  first  and  other  formulas  of  the  older  have  been 
entirely  omitted  in  the  newer  work. 

f  The  writer  prefers  to  keep  the  valence  marks  appended  to  each  symbol,  as  in 
the  formulas  in  the  "Tables,"  because  thej'  show  the  manner  of  re(;lucing  the 
valence  of  the  basic  or  acidic  radical  by  the  addition  of  one  or  more  saturating 
iitoms. 


Chemical  Name. 


of  Actual  Analysis. 

[)         Impurities,  loss,  etc. 


A— MOXATOMIC.      . 
I.— Ortho-Ferric-Uydrate  (?)...-'  * 


II. — Ferric-Mono- ileta-Hydrate  ■ 


III.— Ferric-Aiihvdrii)e(?) j- 

B—l)[  ATOMIC. 
I.— Di-Ferric-Ortho-IIydrate...?" 

U 
II.— Di-Ferric-Mo  no-Meta-Hy  di 'S 

III.— Di-Ferric-Di-Meta-Hvdratel7 
uo 
07 

IV. — Di-Ferrie-A  nil  vtl  ride 

C— TRIATOMIC. 
I.— Tri-Ferric-Urtho-Hydrate  P 


II.— Tri-Ferric-Mono-Meta-Hy^-' 

00 

07 

III.— Tri-Ferric-Di-Meta-Hydratf58 

80 

IV.— Tri-Ferric-Tri-Meta-HydralGl 


V. — Tri-Ferric-.\nliydvide .■■■• 

D— TKTRATOMIC. 

I.— Tetra-Kerric-Ortho-Hydrat39 

(If  determined   as  (FeoOj^ 

the  excess  over  100  should^' 

If  as  FeaOs+(H»0}2,  loss  0.5^^ 

,96 

IL — Tetra-Ferric-Mo  n  o-Met  a-HJsg 
(If  determined  as  FeoOs+d 
excess  over  100  should  be  3jnQ 
as  (Fe20j)2+(H20;,,  loss  O.0I 

;67 
,81 

!oi 

III.— Tetra-Ferric-Di-Meta-Hyd"5 

(If   determined   as   ( Fe.jOa'.O? 

the  excess  over  100  should  ^2.3 

If  as  Fe.,03  +  H.,0,  loss  0.56  t02 

ilO 


.80 


IV.— Tetra-Ferric-Tri-Meta-IIyd,. 
(If  determined  as  FejOj  +  i 
excess  over  100  should  be  4 
as  (Fe^Oa  o  +  H,0,  loss  0.5  f* 
v.— Tetra-Ferric-Tetra-:Meta-H  • 
(If  determined  as  (FeoOjlj- 
exeess  over  100  should  be 
as  FejOo,  loss  O.Gl  "5J.) 

VI. — Tetra-Ferric-Anhydride 'f 


FejO, 


PoO„  Humic  Acid 


J  II.  A.  loss 
1.87 
H.  A  ,  SiO»  &  Sand 

19.77 

SiOj,  C,  and  loss 

0.63 


1.00 
0.28 


SiOo,  P.1O,  and  loss 

'2.42 

Insol.,  OaO,  MgO 

SO,,  PoO, 

20.77 

SiOj  and  loss 

3.50 

0.28 

3.08 

2S8 

Insol.  and  SOs 

1.9 


AlaOaandSiO., 

14  61 

SiOo,  PjOj  and  loss 

2.42 

SiO..,  C  and  loss 

0.G3 

SiO.,  and  P2O, 

"20.77 
SiOo  and  loss 

'  3.50 
AI2O3  and  SiOo 
7  55 
4.61 
21.00 
1.00 
0.28 


17.68 
15.02 
3.08 

2.88 


75.14 
73.66 
81.93 


90.53 
89.17 
89.91 


85.63 

83.42 
89.91 

88.98 
88.89 

95.31 


80.90 

79.07 

81.93 

85.63 

83.42 

83.06 
85.55 
85.89 
89.17 
89.91 
86.77 
86.62 
86.80 
88.98 
88.89 


HoO 


Name  of  analyst 

and  sum  of  actual 

analysis. 


30.15 


9.47 
10.83 
10.09 


14.37 

16.58 
10.09 
11.02 
11.12 

4.69 


14.37 

16.58 

16.94 
14.45 
14.11 
10.83 
10.09 
13.23 
13  38 
13  20 
11.02 
11.12 


Hermann,        100.00  i 


24.86         Ullmann,  98.75 

26.34         Hunt,  100.00  } 

18.07         Murray,  100.00  j 


Kobell, 

Brandes, 

Yorke, 


Haughton, 

Ford, 

Ullmann, 
Yorke, 
Kobell, 
Kobell, 

Fritsche, 


Hausmann, 

Haughton, 

Murray, 

Ford, 

Ullmann, 

Hausmann, 

Hoffman, 

McCreath, 

Brandes, 

Yorke, 

Anieluns, 

McCreath, 

McCreath, 

Kobell, 

Kobell, 


100.00 
99.75 
100.06 


99.48 

100.16G| 

98.75 
100.06 
100.00 
100.00 

100.10 


99.84 


98.75 

96.28 
100.15 

99.88 

99.75 
100.06 
100.00 

99.71 
100.24 
100.00 
100.00 


The  small  fl-'ures  after  tlind  their  iron  were  considered  as  all  in  the  form  of  Fe20,,  it  woiild 
.  to  the  excesses  tjiven,  sipese  tables  to  Fe.,0,     1.5  X  free  alumina  is  reckoned  to  the  Fe,0,. 


lead 

!  H.A.— Humic  Acid 


SERIES  OF  IRON   HYDRATES. 


Chemical  Name. 


A— MONATOMIC. 

I.— Ortho-Ferric-nydrate  (?).. 


II.— Ferric-Mono-Mcta-Hjdiale  (!).. 


III.— Ferrlc-Aiihydriile  (7) 

n-IHATOMIC. 
I.— Di-Ferric-OrUio-Ilydrate.. 


II.- 

III.- 

IV.- 
I, 


-l)i-Ferric-Mono-MHta-nydratc.. 
■Di-Ferric-Di-Mcta-lIydratc 


-Di-Fcrrlc-Anhvdrlde 

f—TRI  ATOMIC. 
— Tri-Fcrric-Ortho-Hydrate  (?).. 


II.— Tri-Ferrlc-MoDo-Meta-IIydrutef?).. 


III. 

IV.- 

V.- 
I.- 


— Tri-Fcrrio-Di-Mitii-Ilydrate(7).. 


-Tii-Fi;rric-Tii-Meta-JIydrato  (?;. 


■Tri-Ferrlc-Anhydrido 

D— TICTRATOMK'. 

-Totni-l'Vrric-OrllKi-IIvdrate 

(If  di'tiTiiiinca  «•<  ilW),'n+(H,0), 
tlio  I'xci'ss  iivcT  liiOslioiiM  be  2.1  ^. 
If  as  K(V's+(ll"'J;'>,  loss  0..'51  %(.) 


Kmpirieal 
Formula. 


FeOj 
HjKeO, 

H,I>.0, 

IIFeOj 

I'VjO, 
H,Fe,0, 

HaFe,0, 
II.Fcs", 

F.-,0. 
H,ol\',0„ 


-Tclrn-Forric-Mono-Metn-Hydrale....         Il.FiV), 
(If  detiTmiiiMl  as  Fc.Pj+(1lo()),  the  . 
excess  over  lOn  should  bo  3.47  '^.    If  i 
as  ( h\\0,\2  +  ( U.,0  }„  loss  0 J54  If*.) 


III.— Telra-Ferrie-Dl-Mcta-IIydrate ;      U.Fe.D, 

(If  determined  as  (Fe,0,),-^(H20-,  i 
the  excess  over  100  should  be  3.82  ^.  I 
If  as  FeoO, + 1I„0,  loss  0.56  V.) 


IV.— Tetra-F.rric-Tri-Mcta-lIydrate H.Ke.O, 

(If  detormiued  as  Fe,(),  +  (1I„0),  the  i 
excess  over  100  shoul.l  lie  4.ji5  ^.    If 
as  (FeoOj^,  +  llj(),  los-.  o.j  -^.) 

v.— Tetra-Perr'ii-Telra-Mitu-Ilvdrate H,Fe,0, 

(If  determined  as  iKcOjlj  +  H^O  the  . 
excess  over  100  shoulQ  bu  4.7  "^.    If 
as  Fe,Oo,  loss  O.Gl  ^.) 

VI.— Tetra-Ferric-Anhydrlde I         Fe,0, 


Rational  Formula. 


mO)",  Fei»  or 
FeOo-f-fe^O), 
'  If 
Fe,0,  -I-  (11,0^,  r  O 

Loss  4.4G  1^ 

(HO)i.,(F.  ivO"  "or 

FeO„+H„0 

If 

Fe/),  +  (HjO)„  +  O 
Loss  6.17  ¥! 


(1101^  (Fe,-,v.  or 


(HO)i4((Fe.1nOi>)"or 
Fe,03  -I-  (IIjOjj 


(HO)>.,aFeo)viO".,;iior 
Fe/),  +  H.,6 


(Fej'iO", 


(IIO-i,  rFcj^yin  or  f 
Fe,0,  -I-  (HjOj.t 


(HOi,  ((Fe.I'mOn^vif 
Fe,04  +  (H.0)3 


(UOlu(fFp>"0"„,ivt 


(HO)i.,  (fFe3lviiinn,)nt 
Fc,0,  -1-  11,0 


uO," 


(H0)i,5  rFp,)x  or 
Fe,0,  +  (HjO-j  4-  II 


|IIO)i,((Fe,~,»On)viiior 
|Fe.,0,)o  -t-dl/J^, -I-  Hs 


(HO)i,((Fe.;iOii.,  Tior 
FejOj -KHoO  +  H 


(HO)i,((Fe,lxOii,Wor 
(Fe„0,^s  f  H,0  +  Ho 


(UOi,(fFe,)iOiV"or 
(Fe,0,ls  +  (H2) 


FeoO, 


Names  of  Minerals  approximating  to 
the  Theoretical  Formula. 


A— MONATOMIC. 
(1)  IJmnite  (.3) *  Novgorod  Bog  Orel?).. 


B— DIATOMIC. 

(1)  Llmonite  (1)  Westerwald.     Stilpnosid. 

(2)  PointeduLac  Ochre  (1) 

(1)  Xanthosidcrite  (4)  (Huettenrode) 


10194 
■  84.64  18  88 


(1)  Goethitc  (2)  Lepidocrocite  Hoi  Zug... 

(2)  "          (4) 

(3i        "         (8j  Lostwithiel crystallized.. 

Hematite 

C— TRIATOMIC. 
(1)  Xanlhosiderite  (5) 


"°°  I       f(l)Limonite. 


Marcllus  vein,  1 
Mifflin  Co.,  Pa./ 

(2)  Liraonite  (1)  Stilpnosiderite 

Goethite  (8)  Lostwithiel  eryst.  hematite... 

"         (.5)  Araberg.    Ma.ssive 

"         (6)  Maryland.    Mas.«ive 


(1)  Turgite  (2)  Hof... 


D— TETIi.VTOMin. 

(1)  Xanthosiderite  (1)  (joslar,  Harz.. 


C(l)  Llmonite. 


(5)  Kilbride,  Ireland  . 

(4)  Huettenrode  (?).... 
Marcellus  vein, 
Mifflin  Co.,  Pa. 


(1)  (Stilpnosiderite).. 


(2) 


(3)  Xanthosiderite  (2)  Ilmenau 

(4)  Limonile  (9)  .Salisbury,  Conn 

(0)  "  Haldemau's  bank 

(1)  Goethite  (4)  Lepidocrocite.    llol.  Zug.. 

(2)  "         (8)  Lostwithiel  oryst.  heraa.... 

(3)  Limonit«(.5)  Rubeland,  Harz 

(4)  "        Bollingerbank,  YorkCo.,  Pa. 
(.5)         "        Margaretta "  "  " 

(6)  Goethite  (3)  Araberg.    Massive 

(7)  "         (6)  Maryland.    Massive 


Per  cent,  of  Actual  Analysis. 


:  Fe.,0, 

MuoO, 

H3O 

i  AloO, 

64.24 

27.71 

73.73 

24.40 

59.10 

21.H 

81.41 

i7.i)i;    i 

on.-'is 

9.47 

8S.50 

10  75 

89.71 

10.07 
20.43 

77.15 

67.83 

11.39     i 

80.30 

I6.no 

89.71 

10.1)7 

86.24 

lO.liS 

86.32 

10.80 

93.49 

4.61 

69.00 

16.39      ■■ 

77.15 

20.41 

81.41 

17.96 

67  83 

11.39 

8^50 
76.78 

16.00 

15.67 

81.73 

13  81 

66.99 

11.01 

88.50 

10.75 

89.71 

10.07 

86.77 

13.23 

71.30 

11.02 

72.98 

11.10 

86.24 

10.68 

86.32 

10.80 

1 

Impurities,  loss,  etc. 


PjOfc  Hnmic  Acid 

8.02 


]  II.  A.  loss 

1.87 

II.  A  ,  SiOo  &  Sand 


SiOo,  PoO,  and  loss 

2.42 

Insol.,  CaO,  MgO 

SO,,  PoO, 

20.77 

SIO,  and  loss 

3.50 

0.28 

3.08 

2S8 

Insol.  and  SO, 

1.9 


AljO,  and  SiO.. 

14  61 

SlOj,  P,f),  and  loss 

2.42 

SiOa,  C  and  loss 

0.1)3 

SiOo  and  PuO, 

20.77 
SiOoand  loss 

■  3.50 
AlaO,andSi02 
7  53 
4.61 
21.00 
1.00 
0.28 

"ilM 
15.02 
3.08 


FejO, 

HjO 

69.85 

30.15 

i 

75.14 

24.86 

73.66 

26.34 

8193 

18.07 

B0.53 

9.47 

K9.I7 

10.83 

89.91 

10.(19 

79.07 

20.93 

85.63 

14.37 

83.42 

16.58 

89.91 

10.09 

88.98 

11.02 

88.89 

11.12 

95.31 

4.69 

80.90 

19.10 

79.07 

20.93 

81.93 

18.07 

85.63 

14.37 

83.42 

10.68 

83.00 

10.94 

85.55 

14.45 

85.89 

14.11 

89.17 

10.83 

89.91 

10.09 

86.77 

13.23 

86.62 

13  38 

86.80 

13  20 

88.98 

11.02 

88.89 

11.12 



Name  of  analyst 

and  sum  of  actual 

analysis. 


Hermann,        100.00 


Ullmaun, 

Hunt, 

Murray, 

Kubell, 

Binndes, 

Yorke, 


Ilaughton, 

Ford, 

Ullniann, 
Yorke, 
Kobell, 
Kobell, 

Frltsche, 


Ilausraann, 

Haughton, 

Murray, 

Ford, 

Ullmann, 


Hri 


rl(i: 


AiiiHung, 

McCrciilh, 

MeCivath, 

Kobfll, 

Kobell, 


1  * '^"''^  "»''"  fisi'res  «/''«'•  the  name  of  the  mineral  refer  to  the  number  of  the  analysis  given  bv  Daca  under  that  species.       t  If  such  compounds  exist  in  nature  and  their  iron  were  considered  as  all  in  the  form  of  FejO,,  it  would 
lead  to  the  excesses  given,  such  excesses  being  entirely  due  to  the  oxygen  added  to  the  iron  by  reagenU.  J  The  sesquioxide  of  manganese  is  added  in  these  tables  to  FejO,.     1.5  X  free  alumina  Is  reckoned  to  the  Fe,0,. 

z  a. A. — Humlc  .\cid. 
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compounds  of  oxides  and  water  do  exist  in  nature,  it  suffices  here 
that  all  hydrates  of  iron  can  be  calculated  on  the  assumption  that  all 
the  water  is  "  basic,"  /.  e.,  exists  as  hydroxyl  in  the  compound.  The 
appended  tables  are  thus  computed. 

Another  kind  of  difficulty  which  presents  itself  in  the  course  of 
such  a  study,  is  the  accidental  mineral  impurity  of  the  specimen  from 
which  the  analysis  has  been  made.  This  amount  of  impurity,  to 
which  in  the  table  a  special  column  has  been  given,  varies,  as  will  be 
seen,  from  a  small  fraction  of  1  per  cent,  to  over  21  per  cent.  When 
the  amount  is  over  3  or  4  per  cent.,  the  analysis  becomes  an  unfit  one 
from  which  to  calculate  results;  more  especially  if  the  impurity 
stands  in  the  analyses  by  the  percentages  of  its  constituents  and  not 
separated  as  it  exists  and  called  "sand,"  etc. 

In  the  cases  below,  where  this  impurity  has  been  a  notable  factor 
of  the  analysis,  its  electro-positive  and  electro-negative  (or,  shortly, 
its  anion  and  cathion)  elements  have  been  reduced  to  chemical  units, 
and  if  they  did  not  very  nearly  (within  the  error  of  observation)  bal- 
ance each  other,  the  surplus  of  either  has  been  added  to  its  proper 
side  in  the  general  analysis;  but  this  is  an  operation  too  dependent 
upon  the  judgment  of  the  calculator  to  be  considered  satisfactory. 

When  the  impurities  are  noticed  to  be  high,  therefore,  the 
reader  will  please  remember  that  the  accuracy  of  the  computed  theo- 
retical composition  is  very  questionable. 

All  others  than  the  diatomic  series  of  iron  hydrates  have  been 
inserted  simply  for  the  sake  of  the  symmetry  of  the  hypothesis  and 
without  any  direct  proof  of  their  actual  existence. 

Still  there  are  facts  which  may  be  interpreted  as  favorable  to  the 
theory  of  their  existence. 

First,  as  to  the  monatomic  compounds.  It  has  been  observed  not 
only  that  different  chemists  note  different  impurities,  but  that  certain 
chemists  have  pet  impurities,  which  they  find  so  universally  distrib- 
uted that  one  might  be  tempted  to  suppose  their  methods  of  analysis 
as  delicate  as  the  spectroscope  for  sodium. 

We  all  can  recall  such  instances.  Among  these  are  naturally 
some  who,  whenever  they  have  to  deal  with  an  iron  analysis  pur- 
sue the  Fairy  Manganese,  whose  bright  lines  haunt  them  still. 
Now  it  is  a  fact  that  many  iron  ores  are  associated  with  more  or  less 
manganiferous  species ;  but  it  is  also  probable  that  much  has  been 
called  manganiferous  which  is  not  really  so.  And  this  might  easily 
occur,  at  least  where  this  metal  has  not  been  determined  directly,  or  is 
recorded  as  present  in  trace,  if  among  the  hosts  of  ferric  oxide  and 
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water  ratios  computed  from  the  many  analyses,  there  were  some  two 
of  about  Fe203,64;  H,O,31.03;  and  FeA,75;  HA^S;  for  these 
ratios  might  easily  correspond  with  those  that  would  obtain  in  the 
ortho  and  mono-meta  hydrates  of  raoiiatomic  iron. 

Out  of  some  analyses,  after  many  corrections,  approximations  to 
these  figures  can  be  got,  but  they  are  too  uncertain  to  record.  Two 
things  should  be  noticed,  however,  and  they  are  these: 

First,  these  compounds,  if  split  up  into  their  constituents,  will 
only  form  water  and  ferric-oxide  (FeO,),  not  di-ferric-anhydride  or, 
plainly,  sesquioxide  (FeA).  Now  the  constituents  of  a  hydrated  iron 
ore  are  determined  as  water  and  sesquioxide,  and  if  such  a  decomposi- 
tion of  the  ore  were  effected  as  to  produce  FeOo,  this  latter  would  itself 
be  immediately  decomposed  in  the  presence  of  organic  matter,  hydro- 
gen compounds,  or  other  substances  capable  of  being  oxidized.  The 
result  would  be  that  in  the  presence  of  hydrochloric  acid  free  chlo- 
rine would  be  evolved  (a  circumstance  often  noticed  with  iron  ores 
and  ascribed  to  tiie  presence  of  manganese). 

Another  result  of  such  a  decomposition  would  be  that  the  analysis 
would  sum  up  less  than  100,  as  many  of  the  analyses  of  the  best 
chemists  may  be  seen  to  do.* 

Nevertheless  the  mineralogist  and  chemist  are  notified  to  look  out 
for  a  possible  mineral  of  this  character,  the  signs  by  which  it  may 
be  known  being  the  water,  iron-oxide  ratios  above  given ;  a  capacity 
to  evolve  free  chlorine  from  a  hydrochloric  acid  solution  in  the 
absence  of  MnOj,  and  of  course,  therefore,  a  sum  of  constituents 
less  than  100. 

Of  the  diatomic  series,  little  may  be  said  except  that  its  existence 
is  amply  and  abundantly  verified  at  once  by  the  analyses  themselves 
and  by  the  interpretation  given  them  by  common  consent. 

The  following  list  aims  to  present  the  theoretical  composition  of 
the  hydrates  of  a  few  members  of  the  imagined  iron  series  : 

Ilonatoinie. 

(HO),Fe— Ferric-Ortho-Hydrate,        .         .         .  

(HO),FeO— Ferric-Mono-Meta-Hydrate,     .         .  


*  Perfect  candor  requi;-es  that  the  writer  should  here  state,  however,  that  so 
far  as  his  observation  has  gone,  the  analyses  which  most  nearly  approach  these 
types  have  been  more  frequently  over  than  under  100. 
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Diatomie. 

(HO\(Fe.J— Di-Ferric-Ortho-Hydrate, 
(HO)XFeP)—Di-Fernc-Mono-Meta- Hydrate, 
(HOX(Fe,0,)— Di-Ferric-Di-Meta-Hydi-ate, 
Fe^Os — Di-Ferric- Anhydride, 

Triatomic. 

(HO)3(Fe3)— Tri-Ferric-Ortho-Hydrate,       . 
(HO)s(Fe,0)— Tri-Ferric-Mono-Meta-Hydrate, 
(H0),(Fe30,)— Tri-Ferric-Di-Meta-Hydrate, 
(H0),(Fep3)— Tri-Ferrie-Tri-Meta-Hydrate, 
FcaO^ — Tri-Ferric-Anhydride,    . 

Tetratomic. 

(HO),„(FeJ— Tetra-Ferric-Ortho-Hydrate, 
(H0)8(Fe,0)— Tetra-Ferric-Mono-Meta-Hydrate 
(HO)6(FeA)— Tetra-Ferric-Di-Meta-Hydrate, 
(H0)4(Fe,0,)  — Tetra-Ferric-Tri-Meta-Hydrate, 
(H0)2(Fe,0,)— Tetra-Ferric-Tetra-Meta-Hydrate 
Fe^ — Tetra-Ferric-Anhydride, 


Exists. 

Exists  probably, 

Exists. 

Well  known. 


Well  known. 


Pentatomic. 

-Penta-Ferric-Ortho-Hydrate, 
— Penta-Ferric-Mono-Meta-Hyd'te, 
— Penta-Ferric-Di-Meta-Hydrate,  . 
— Penta-Ferric-Trl-Meta-Hydrate,  . 
— Penta-Ferric-Tetra-Meta-Hyd'te, 
— Penta-Ferric-Penta-Meta-Hyd'te, 


(HO),(Fe,)- 
(HO),o(Fe,0 
(HO),(Fe,0, 

(HO)e(FeA 
(H0),(Fe30, 

(H0),(Fe,03 

FejOe — Penta-Ferric-An  hydride, 


Hexatomic. 

(H0)i,(Fe6)— Hexa-Ferric-Ortho-Hydrate, . 
(H0),,,(Fe60)— Hexa-Ferric-Mono-Meta-Hyd'te, 
(HOXolFeeO^)— Hexa-Ferric-Di-Meta-Hydrate,  . 
(HO)8(FeA)— Hexa-Ferric-Tri-Meta-Hydrate,  . 
(HO)6(FeA)— Hexa-Ferric-Tetra-Meta-Hyd'te,  . 
(HO),(Fe605)— Hexa-Ferric-Penta-Meta-Hyd'te, 
(H0),(Fee06)— Hexa-Ferric-Hexa-Meta-Hyd'te, 
(FegO,) — Hexa-Ferrie-Anhydride, 
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Heptatomic. 

(HO),«(Fe,)— Hepta-Ferric-Ortho-Hydrate,  .  

(HO),,(Fe,0)— Hepta,-Ferric-Mono  Meta-Hydrate,  

(HO),,(Fe,0,,)— Hepta-Ferric-Di-Meta-Hydrate,  

(HO),o(Fe,OJ— Hepta-Ferrie-Tri-Meta-Hydrate,  

(HO)8(Fe,OJ— Hepta-Ferric-Tetra-Meta-Hydrate,  

(HO)B(Fe,0.)—Hepta-FeiTic-Penta-Meta- Hydrate,  

(HOXFePs)— Hepta-Ferric-Hexa-Meta-Hydrate,  

(H0),(Fe;07)— Hepta-Ferric-Hepta-Meta-Hydratc,  

FcyOg — ^Hepta-Ferric- Anhydride,         .          .  Analogue  known. 

Of  course  this  list,  without  proof  of  the  existence  of  the  com- 
pounds expressed,  is  to  be  regarded  as  wholly  a  product  of  the  im- 
agination, yet  it  is  not  without  aim  that  it  has  been  prolonged  so  as 
to  include  the  so-called  hepta-ferric  series,  because  in  this  series  and 
its  derivatives  occur  two  compounds  which,  when  viewed  together, 
throw  light  on  the  modes  by  which  molecular  structure  may  be 
modified,  and  afford  an  explanation  of  the  solutions  of  one  oxide  in 
another. 

To  explain  this  concisely,  it  will  be  necessary  to  employ  the 
graphic  method,  which,  whether  liked  or  not  by  certain  leading 
chemists,  is  very  convenient  for  such  purposes. 

It  is  assumed  as  an  hypothesis  throughout  this  paper  that  the 
tetrad  atoms  of  iron,  like  those  of  carbon,  can  unite  to  form  homolo- 
gous series. 

The  normal  heptad  molecule  of  iron  oxide  would,  therefore,  be 
thus  represented : 


Q 


J-/      Fe Fe Fe Fe_Fe — Fe  —  Fe    J-i 

^— J        ko^         V        ^0^ 

or,  Fep^. 

No  such  compound  of  iron  and  oxygen  has  been  mentioned,  but 
the  corresponding  sulphide  Fe^Sg  is  the  generally  accepted  formula 
for  pyrrhotite,  or  magnetic  pyrites.  Dana  says  (his  System,  page 
151)  of  magnetite,  that  though  the  normal  proportion  of  Fe^Oj :  FeO 
is  1  :1,  there  is  occasionally  a  wide  variation  and  thus  a  gradual 
passage  to  the  sesquioxide.     Two  analyses  by  Schwalbe  are  adduced, 
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making  these  proportions  respectively  3  :  1  and  3|^ :  1  nearly.  That 
is  to  say  (FA)3  =  FeO  and  (Fe.p.,),,^ :  FeO. 

From,  the  former  of  these  two  proportions  we  obtain  Fe^jg  and 
from  the  other,  FegoO^j. 

Neglecting  this  latter  as  within  those  limits  when  the  slightest 
alteration  in  the  analysis  wonld  alter  the  nnmerical  constitution  of 
the  molecule  enormously;  and,  therefore,  as  a  point  determined  by 
too  small  a  chemical  parallax,  we  will  see  how  Fe^O^g  will  take  its 
place  among  the  hepta-ferric  derivatives. 

Observation  may  be  here  directed  to  the  instructive  and  significant 
circumstance  that  from  the  varying  proportions  of  Fe.^g  and  FeO, 
found  by  some  of  the  ablest  analysts  in  different  magnetites,  it  would 
seem  (true  to  the  universal  experience  as  to  the  distinctions  between 
things,  which  permits  us  to  divide  objects  into  groups  of  those  which 
possess  some  one  quality  or  attribute  in  common,  while  differing  among 
themselves  in  others),  that  the  condensation  of  atoms  in  the  iron 
oxide  molecule  (at  least  in  its  simpler  compounds)  increases  its  mag- 
netic force,  though  it  has  not  been  proved  to  be  in  proportion  to  the 
amount  of  that  condensation. 

As  stated  above,  the  normal  valence  of  the  iron  molecule  of  seven 
atoms  is  2n  +  2  =  16,  which  amounts  to  the  same  thing  as  saying 
the  least  possible  number  of  oxygen  (or  dyad  sulphur)  atoms  which 
will  satisfy  this  molecule  is  8.  But  the  greatest  number  of  oxygen 
atoms  which  can  be  so  combined  with  this  iron  molecule  that  the 
oxygen  atoms  are  all  united  to  iron  and  not  to  each  other,  is  14,  as 
will  be  here  seen  : 

/^  A  A  A  A  A  /^\  y^ 

^^    ^(/    ^(/  ^</  V  V    V    ^ 

Among  the  possible  variations  between  this  and  the  simpler  graphic 
formula  of  Fe^Og  given  above,  one  fulfils  the  demand  of  Schwalbe's 
analysis,  to  wit : 

, Fe —  Fe —  Fe —  0 Fe 0  — Fe Fe  — F.e 1 

In  other  words,  if  the  hypothesis  of  the  construction  of  the  mole- 
cules of  the  hydrated  iron  oxides  be  true,  one  set  of  derivatives  owes 
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its  existence  to  the  iutroduction  of  oxygen  atoms  between  two  pairs 
of  iron  atoms. 

We  had  got  as  far  as  the  triatoraic  series  when  the  above  digres- 
sion was  made,  in  order  that  the  reader  should  have  before  his  eyes 
the  condensed  tal)le  of  these  hypothetical  compounds  and  be  enabled 
to  observe  their  relation  to  each  other.  A  further  glance  must  now 
be  cast  into  that  series. 

Theoretically  there  are  five  of  these  direct  compounds  possible, 
including  the  anhydride,  which  brings  up  the  rear  of  every  series. 
What  is  most  noteworthy  about  the  members  of  this  series,  if  they 
exist,  is  the  fact  that  they  are  separable  into  Fe304  (magnetic  oxide 
and  their  own  final  member  or  anhydride),  and  various  numbers  of 
molecules  of  water  ranging  from  four  to  none. 

But  if  by  any  accident  the  true  nature  of  the  radical  were  mistaken 
and  the  compound  analyzed  as  so  much  sesquioxide  and  water,  this 
would  add  to  every  two  molecules  of  the  compound  one  atom  of  oxy- 
gen from  the  reagents,  so  that  such  analysis,  if  thus  calculated,  would 
come  out  over  100  by  various  amounts,  which  may  be  seen  in  the 
proper  column.  JNIany  such  analyses  are  at  hand,  but  again  there  is 
no  certainty  in  ascribing  them  to  formulas  which  would  most  nearly 
resemble  the  theoretical  iron-oxide,  water  ratio  of  the  triatomic 
series. 

Leaving  the  consideration  of  those  iron  hydrates  whose  existence 
is  merely  possible,  we  can  recapitulate  the  more  important  facts  which 
appear  in  the  table  of  the  diatomic  series  : 

H 
/->.      O      <x  Di-Ferric-Ortho-IIiidrate. 

(Fe,)  /TTr^x-c.    /re„03  =  74.76  percent. 

^^^Ojr^  or  (HO),Fe,  j  ^-^    _  25.24  per  cent. 

H 

This  compound  nearly  corresponds  with  an  ore  from  Westerwald 
(B.  I,  1),  and  called  by  Ullmann,  its  analysist,  a  limonite: 

H 
j^t-      0  Dl- Ferric-Mono- Mela- Hydrate. 


TPeTri         ,.^^.  ,^   ^s   i  Fe.,0,  =  81.63  per  cent. 
^^0  V-^^   or  (HOUFeP)  {^^^^  ^^  3,  ^^^  ^^^^^ 

H 
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This  very  nearly  agrees  with  a  Xanthosiderite  of  Hiittenrode,  B. 

n,i.: 

tj  Di-Ferric-Di-Meta-Hydrate. 

O 

^^X^  /  Yq,0,  =  89.88  per  cent. 

OjFe^O    or  (HO),(F,0,)    \  Hp    =  10.12     "     " 

O 
H 

This  is  very  ii^arly  represented  by  G5thites  (variety  Lepidocrocite 
B.  Ill,  ],  2,  and  3): 

Di- Ferric- Anhydride 
-  ^    ®*'  is  ordinary  Hematite. 


Bntthe  most  interesting  and  among  the  most  frequently  occurring 
of  these  iron  ores  are  those  which  are  composed  after  the  manner  of 
pyro-phosphoric  acid  and  of  many  organic  bodies  by  the  decompo- 
sition of  two  molecules  of  hydroxy  1  in  two/ molecules  of  simpler 
compounds,  and  the  production  out  of  these  of  one  molecule  of  water, 
which  is  withdrawn,  and  one  atom  of  oxygen,  which  links  the  two 
simpler  molecules  together. 

Thus  by  extracting  one  molecule  of  water  from  two  molecules  of 
Xanthosiderite,  one  molecule  of  Limonite  is  produced,  thus: 

(  (H0),Fe,0)2  —  H,0  =  (HO)6(Fe,03), 
or  graphically. 


'rO^Qr-m) 


This  is  the  formula  best  accounting  for  all  known  facts  with  the 
least  amount  of  supposition,  but  were  it  not  for  the  analogy  between 
the  formation  of  Limonite  from  two  molecules  of  Xanthosiderite  and 
the  formation  of  pyro-phosphates  from  so-called  ortho-phosphates 
(in  reality  mono-meta-phosphates),  the  following  formula  would  an- 
swer the  requirements  of  analysis  equally  well : 
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In  the  same  way  two  molecules  of  Gotliite,  less   one  molecule  of 
water,  give  one  of  Turgite,  thus  : 

(  (HO),(Fe,0,)  ) -H,0=(HO),(FeA), 
or  graphically, 


* 

This  mineral,  also,  might  be  considered   but  for  analogous  com- 
pounds : 

0  Q  Q 

Either   I-1 0-(Fe):r"^"^O        ^(Pe^-0 H  or 


It  would  appear  that  much  confusion  has  been  the  result  of  at- 
tempting to  classify  the  hydrates  of  iron  according  to  the  few  species 
now  generally  admitted,  and  that  the  name  of  each,  and  of  Limo- 
nite  in  particular,  has  been  probably  made  to  do  duty  for  more  than 
one  thing. 

Any  one  will  appreciate  how  easily  this  might  occur  who  knows 
the  chemical  activity  of  iron,  and  who  has  seen  the  varying  shades  of 
color  and  grades  of  lustre  and  density  which  characterize  the  contents 
of  any  iron  ore  bank. 

It  has  been  the  writer's  task  to  try  to  show  that  numerous  ores  of 
iron  were  possibilities,  and  that  some  were  actually  found  by  analysis 
but  remained  unnamed. 


THE  BOTHSGHONBEBGER  STOLLEN. 

BY  ROSSITER  W.  RAYMOND,   PH.D.,   NEW  YORK   CITY. 

(Read  at.  the  Wilkes-Barre  Meeting,  May,  1877.) 

The  12th  of  April,  1877,  witnessed  the  celebration,  at  Freiberg, 
Saxony,  of  an  event  profoundly  important  for  the  ancient  mining  in- 
dustry of  that  district,  and  full  of  interest  to  mining  engineers 
throughout  the  world — namely,  the  connection  of  the.  famous  Roth- 
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schonberger  Stollen  with  the  Freiberg  mines.  Since  the  invention 
and  perfection  of  steam  machinery  for  pumping,  winding,  and  venti- 
lation, the  supreme  importance  formerly  conceded  to  deep  adits  has 
declined.  Yet  such  works  still  remain,  in  many  cases,  measures  of 
true  economy  ;  and  the  instance  just  referred  to  furnishes  a  striking 
example  of  a  vast  undertaking,  steadily  pursued  through  many 
years,  and  completed,  at  last,  just  in  time  to  afford  vital  relief  to  a 
declining  industry,  which  has  lasted  through  seven  centuries. 

To  engineers  it  is  also  interesting,  as  furnishing  another  proof  (if 
any  were  needed)  of  the  efficiency  of  machinery  in  works  of  this 
character. 

I  have  thought,  therefore,  that  a  brief  description  of  this  adit,  to- 
gether with  tabular  exhibits  of  its  progress  and  cost  (for  the  material 
of  which  I  am  chiefly  indebted  to  Mr.  iVdolf  Mezger,  Mining  Engi- 
neer, of  Freiberg),  would  be  welcome  to  the  members  of  the  Insti- 
tute. 

Already,  in  the  last  century,  the  difficulty  of  dealing  with  subter- 
ranean waters  had  caused  the  abandonment  of  some  of  the  most  im- 
portant groups  of  mines  around  Freiberg.  To  those  acquainted  with 
the  locality,  I  need  only  mention  the  Halsbriickner  Spatgang,  the 
Thurmhofer  Zug,  and  the  Hohebirker  Zug.  In  the  first  quarter  of 
the  present  century  it  was  evident  that  mines  at  other  points  in  the 
district  would  suffer  a  general  decline,  and  certain  final  cessation  of 
active  operations,  from  the  same  cause.  The  use  of  steam  power  was 
deemed  too  costly  for  an  industry  based  upon  small  veins,  and  ores 
mainly  of  low  grade.  A  deep  adit  was  the  only  other  remedy  ;  and 
in  1838,  Oberberghauptmann  von  Herder  published  his  famous  plan 
of  the  great  Elbe  adit  {der  tiefe  Meissncr  Stollen),  which,  starting 
from  the  Elbe  at  Meissen,  should  pursue  a  straight  course  to  Ilals- 
briicke,  a  distance  of  22,000  meters.  At  that  point  it  would  drain 
the  ancient  and  abandoned  mines  belonging  to  the  state,  and  beyond 
that  it  could  be  continued  and  connected  with  the  various  deep  mines 
of  the  Freiberg  district,  at  the  cost  of  the  parties  benefited.  The 
depth  of  this  adit,  below  the  deepest  then  existing,  would  have  been 
about  183  meters. 

As  is  well  known,  this  plan  was  finally  abandoned,  as  requiring 
too  much  time  and  money,  and,  in  lieu  of  it,  the  Freiberg  authorities 
urged  upon  the  government,  in  1843,  the  undertaking  wliich  lias  re- 
cently come  to  a  successful  end.  This  plan,  the  execution  of  which 
was  commenced  in  1844,  and  has  been  steadily  continued  for  nearly 
thirty-three  years,  contemplated  an  adit  from  the  Triebisch  valley  at 
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Rothschonberg,  about  12  kilometers  above  Meissen  on  the  Elbe.  The 
distance  to  Halsbriicke  was  to  be  12,882  meters  (exclusive  of  334 
meters  of  auxiliary  drain) ;  the  depth  below  the  Anna  Stollen  94 
meters,  or  89  meters  less  than  that  proposed  for  the  great  Elbe  Stol- 
len ;  the  height  and  width  of  the  adit,  3  meters  respectively,  and  the 
grade  3  millimeters  to  the  meter.  The  adit  was  to  be  prosecuted 
from  the  mouth,  and  from  seven  air-shafts;  the  estimated  time  re- 
quired was  twenty-two  years,  and  the  estimated  cost  was  1,300,000 
thalers,  or  $950,000,  gold.  Both  the  time  and  the  money  were  con- 
siderably exceeded,  as  will  be  seen  by  reference  to  the  details  given 
below.  The  causes  of  this  disappointment  (nothing  unusual,  by  the 
way,  in  enterprises  of  this  character),  were  unexpected  hindrances 
and  difficulties  of  every  kind.  Among  them  may  be  mentioned  the 
penetration  by  the  first  air-shaft  of  an  ancient  ravine,  filled  with 
quicksand ;  the  encountering,  in  the  different  headings  driven  from 
the  air-shafts,  of  unlooked  for  quantities  of  water,  and  a  change  of 
plan  in  the  interest  of  the  Halsbriicke  mines,  and  those  of  the  Frei- 
berg district  beyond,  involving  an  eighth  air-shaft,  and  an  increase 
in  the  length  of  the  government  adit — the  new  length  being  (inclu- 
sive of  846.84  meters  auxiliary  drain)  13,900.79  meters.  INIoreover, 
the  originally  estimated  cost  was  appropriated  in  nearly  equal  instal- 
ments annually,  to  the  great  delay  of  the  work  in  the  first  few  years, 
when  the  sinking  of  shafts,  the  erection  of  buildings,  and  the  pur- 
chase of  machinery,  consumed  large  sums.  The  influx  of  water, 
above  alluded  to,  necessitated  the  erection  of  more  powerful  ma- 
chinery, and  suspended  actual  progress  in  the  meantime.  Experience 
has  shown  in  this  instance,  as  in  the  striking  instances  furnished  by 
the  Sutro  Tunnel  and  the  deep  mines  on  the  Comstock  lode  in  our 
own  country,  that  it  is  not  safe  to  presume  on  the  absence,  or  small 
quantity,  of  subterranean  waters,  even  at  depths  below  those  in  which 
the  mines  are  comparatively  dry.  The  amount  of  water  continually 
standing  or  circulating,  at  great  depths  in  the  earth's  crust,  is  a  mat- 
ter concerning  which  little  is  known  or  speculated  ;  but  reflection  will 
convince  us  that  it  must  be  very  great,  since  nothing  but  absolutely 
impermeable  and  insoluble  rock  (if  such  exists),  or  a  zone  of  heat  too 
intense  to  permit  the  existence  of  water,  as  water,  can  form  its  lower 
limit.  The  effect  of  such  an  all-pervading  agent  in  the  metamor- 
phosis of  rocks,  under  high  pressures,  and  at  great  depths,  is  a  sub- 
ject most  interesting  to  geologists,  and  not  yet  exhausted.  The  pos- 
sible ascription  of  the  increasing  heat  encountered  as  we  penetrate 
the  earth,  to  the  reaction  of  water  upon  the  rocks  and  minerals,  is 
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likewise  a  most  inviting  topic,  upon  which  I  shall  not  enter  here, 
further  than  to  say  that  whatever  may  be  the  lack  of  evidence  for 
such  a  theory,  it  cannot  well  be  urged  against  it  that  water  does  not 
exist  in  the  deep  strata  in  sufficient  abundance  to  permit  such  action 
to  take  place  on  an  adequate  scale.  The  indications  of  ex])erience  are 
rather  the  other  way,  although  the  greatest  depths  attained  by  hu- 
man explorations  are  trivial  in  comparison  with  the  dimensions  of 
the  earth,  and  can  scarcely  give  conclusive  evidence  on  either  side. 

But  one  of  the  greatest  causes  of  delay  and  expense  in  the  con- 
struction of  the  R,othschr»nbcrger  adit  was  an  element  which  I  do 
not  find  set  forth  in  the  congratulatory  speeches  of  the  oratoi's  who 
celebrated  its  completion.  I  refer  to  the  steady  decrease  in  the  effi- 
ciency of  the  workmen.  Perhaps  the  Freiberg  district  is  not  alone 
in  this  respect;  but  certainly  the  day's  work  of  a  man  has  dimin- 
ished there  to  very  unsatisfactory  proportions.  This  is  due  partly 
to  the  fact  that  as  the  industry  declined,  the  younger  men  have 
sought  their  fortunes  by  emigration,  until  the  government  works 
have  come  to  be  almost  an  eleemosynary  institution  for  the  support 
of  decayed  and  superannuated  veterans.  But  this  is  itself  an  effect 
as  well  as  a  cause.  The  policy  of  paternal  government,  with  its  ad- 
juncts of  pensions,  insurances,  regulated  labor,  and  the  like,  has 
many  good  features;  but  the  danger  in  all  such  systems  is  the 
gradual  loss  of  independence  and  ambition  on  the  part  of  the 
laborer,  and  conversely  the  loss  of  such  laborers  as  possess  these 
qualities.  In  many  foreign  states,  the  government  has  planned 
anxiously  to  prolong  work  for  the  miners  of  certain  ancient,  half- 
exhausted  districts.  What  more  natural  result  than  that  the  miners, 
catching  the  infection,  should  plan  to  prolong  work  for  themselves, 
nursing  every  job  to  make  it  pay  wages  as  long  as  possible?  The 
interest  of  society  is. to  save  labor.  The  immediate  interest  of  the 
laborer  is  to  sell  labor.  And  this  is  the  root  of  the  contest  between 
capital  and  labor.  No  doubt  the  laborer  often  seeks  his  immediate 
interest  at  the  sacrifice  of  his  permanent  interest,  or  that  of  his  class 
and  country.  In  the  ])resent  case,  for  instance,  the  slow  and  lazy 
progress  of  the  deep  adit,  while  it  prolonged  the  occupation  of  a  few 
men,  delayed  the  commencement  of  a  new  era  of  activity  throughout 
a  considerable  area,  which  will  give  occupation  to  many  men.  As 
might  be  expected  in  such  an  atmosphere,  the  modern  improvements 
in  drilling  and  explosives  were  not  adopted.  Experiments  were 
made  by  the  skilful  engineers  who  abound  at  Freiberg,  and  reports 
of  value  were  published ;  but  a  vigorous  adoption  of  the  new  labor- 
voL.  VI. — 3-5 
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saving;  agents  did  not  take  place.  The  exodus  of  labor  to  more 
promising  fields  had  left  the  Freiberg  mines  in  such  a  condition  that 
the  discharge  of  a  miner  for  mere  laziness  and  inefficiency  was  re- 
garded as  a  sad,  last  resort.  To  force  upon  the  miners  improved 
machinery  and  explosives,  was  a  step  too  daring. for  the  authorities, 
who,  having  coddled  their  laborers  into  insubordination,  were  now 
at  their  mercy,  I  think  it  was  in  1875  that  the  unfavorable  report 
upon  the  use  of  machine-drills  in  the  Himmelfahrt  mines  was  given 
to  the  world.  In  the  same  year  Mr.  Adolph  Mezger,  a  mining 
engineer  known  to  many  members  of  this  Institute,  whose  years  of 
practice  in  this  country,  Russia,  Mexico,  and  Greece  had  enabled 
him  to  perceive,  and  whose  native  energy  urged  him  to  adopt,  what- 
ever was  most  effective  in  methods  and  machines,  took  a  contract  to 
finish  the  Rothschonberger  adit.  The  condition  of  the  work  in 
October  of  that  year  is  shown  by  the  sketch  on  Plate  XI.  Air  siiaft 
VII  was  fully  connected  with  the  main  tunnel.  Air  shaft  VIII 
was  not  connected,  and  re(piired  constant  pumping.  The  work  of 
connecting  these  two  shafts  was  slowly  progressing;  and  the  con- 
tinuation southward  from  shaft  VIII  to  meet  the  counter-drift  from 
the  Himmelfahrt  mine,  a  distance  of  about  250  meters,  was  the  work 
undertaken  by  Mr.  Mezger.* 

After  much  annoying  delay,  and  in  the  face  of  no  little  opposition, 
he  got  under  way,  employing  Burleigh  drills.  Before  the  contract 
was  completed,  he  had  succeed  in  maintaining  a  regular  rate  of  pro- 
gress of  6  meters  a  week  (8  meters  high  by  3  meters  wide),  or  say 
84  feet  per  month.  This,  under  the  circumstances,  must  be  con- 
sidered excellent  work.  The  Sutro  Tunnel  header  advanced  in  1875 
at  the  average  rate  of  94.7  meters  (310.7  feet)  per  month,  the  best 
month's  work  being  112.6  meters.  In  1876  the  average  monthly 
rate  was  93.2  meters,  and  the  best  month's  work  109.6  meters.  But 
the  rock  in  the  Sutro  Tunnel  is  less  refractory  than  the  Freiberg 
gneiss ;  the  section  of  the  Rothschonberger  (3  meters  square)  is  one- 
fifth  greater  than  that  of  the  Sutro  (8  feet  by  10  feet),  and  the  diffi- 
culty of  working  from  an  air-shaft  is  considerably  greater  than  that 
of  driving  a  header  already  connected  with  the  tunnel  mouth. 
Nevertheless,  there  remains  a  surplus  of  progress  in  the  American 
work  which  I  feel  justified  in  ascribing  to  the  superior  efficiency  of 
our  miners  and  laborers.     On  the  other  hand,  the  cost  of  the  work 

*  Among  the  honors  distributed  at  the  celebration,  Mr.  Mezujer  received,  in 
recognition  of  his  gkill  and  energy  in  completing  the  work,  the  decoration  of 
the  Albrechisorden. 
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is  much  grcoter  with  us,  by  reason  of  the  liigher  wages.  But,  if 
time  is  money,  as  it  certainly  is  in  such  a  case,  the  higher  cost  may 
be  more  tium  bahmced  by  tlie  greater  speed. 

The  criticisms  in  which  I  have  indulged  concerning  the  general 
ineffectiveness  of  hand  labor  in  this  district  should,  no  doubt,  be 
modified  by  many  individual  exceptions.  One  remarkable  and  in- 
teresting case  deserves  special  mention,  namely,  that  of  a  gang  of 
Italian  laborers,  who  were  set  to  take  down  the  roof  or  top-heading 
by  hand,  after  the  main  heading  had  been  driven  by  machine  drills. 
This  top-heading  had  the  whole  width  of  the  adit  and  was  one  meter 
high.  The  workmen  developed  surprising  skill  and  endurance  in 
drilling  vertical  upward  holes,  the  drill  being  upheld  and  set  by  the 
holder,  while  the  striker,  in  a  standing  position,  swung  the  sledge, 
weighing  ten  to  fourteen  pounds,  and  delivered  the  blow  upwards  at 
the  end  of  the  swing.  In  this  way  forty-seven  meters  of  linear 
progress  was  achieved  in  the  last  nine  weeks,  or  a  little  over  five 
meters  per  week,  in  the  ordinary  Frieberg  gneiss.  This  rate  was 
much  in  excess  of  that  which  had  been  ])reviously  achieved  with 
German  workmen  ;  but  it  must  be  noted  that,  beside  the  peculiar 
method  and  perhaps  greater  activity  or  willingness  of  the  Italians, 
they  used  dynamite,  which  the  natives  had  disliked  to  employ.  Two 
or  three  holes  sufficed  to  take  down  the  section  of  two  meters  across 
the  adit. 

The  following  table  gives  an  outline  of  the  progress  of  the  work 
since  the  commencement.  From  the  mouth  of  the  adit  to  the  first 
air-shaft  the  rock  is  a  sort  of  clay  slate.  The  rest  of  the  adit  is  in 
gneiss.  There  is  no  timbering.  The  adit  stands  in  solid  rock,  ex- 
cept at  the  intersection  of  veins,  where  it  is  protected  by  brick  or 
stone  masonry. 

The  work,  down  to  the  end  of  1875,  was  done  exclusively  with 
hand  labor  and  common  powder.  Generally,  a  gang  of  15  men 
(five  in  each  shift  of  eight  hours)  was  employed.  Occasionally  this 
number  was  increased,  even  as  high  as  twenty-eight  men,  distributed 
in  six-hour  shifts.  The  work  done  with  the  aid  of  the  machine 
drills  required  two  Burleigh  drills,  one  of  which  was  held  in  reserve, 
and  nine  men  in  three  shifts.  Two  shifts  worked  with  the  machine 
drills,  and  one  by  hand  in  the  top-heading. 

The  data  for  the  followino;  tables  are  gathered  from  two  volumes 
of  the  Jahrbuch  fur  das  Berg-tind  liuettenwesen  im  Kocnigreiche 
Sachsen.  For  the  transformation  of  meters  into  feet,  I  am  indebted 
to  Mr.  H.  S.  Drinker,  who,  havincr  thus  rearranged  the  table  for  his 
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fortliconiing  work  on  Tunnelling,  kindly  returned  it  to  me  with  per- 
mission to  employ  it  in  its  present  form. 

Table  II. — Annual  Expenditures  and  Number  of  Workmen  Employed 
ON  THE  Rothschonberger  Adit,  Freiberg,  Saxony.  Expenditures  in 
Thalers:  One  Thaler  =  72  Cents  U.  S.  Gold  Coin,  nearly. 


Year. 

Expenditure. 

No.  of 
Workmen. 

Year. 

Expenditure. 

No.  of 
Workmen. 

1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 

62,758 
60,342 
51,655 
70,833 
69,910 
59,348 
56,640 
56.214 
61,417 
69.208 
76.847 
63.790 
57  820 
58,324 
79,932 
76,7eO 

>-  Unknown. 

254 
254 
231 
228 
239 
266 
253 
217 
20s 
225 
234 
263 

1863 
1864 
1865 
1866 
1S67 
1868 
1869 
1S70 
1871 
1872 
1S73 
1874 
1875 

Total 

76,921 
75.153 
78,600 
76,641 
70.481 
75,570 
76,119 
76.593 
77.261 
82,908 
84,187 
97,033 
262,612 

278 
240 
262 
21.3 
191 
200 
207 
211 
242 
237 
216 
213 
215 

2,235,897 

79,514 

Average 

231.9 

It  is  a  curious  flict  (if  it  be  a  fact),  mentioned  by  the  orator  at  the 
recent  celebration,  that  the  machine-drill  was  originally  a  Freiberg 
invention,  and  was  tried  long  ago,  without  satisfactory  results,  in 
this  very  adit.  Now,  after  making  the  tour  of  the  world  (though 
not  "in  eighty  days"),  it  returns,  perfected  by  the  skill  of  Ameri- 
can engineers,  to  win  a  conspicuous  triumph  on  the  scene  of  its 
early  defeat.* 

In  concluding  this  brief  and  partial  notice  of  a  great  work,  I  can 
merely  give  a  few  hints  as  to  its  extent  and  value.  At  the  time  of 
the  final  connection  with  Himmelfahrt,  the  Roschonberger  adit  and 
its  branches  to  Himmelfahrt,  Herzog  August,  Junge  Hohe  Birke, 
Beschert  Gliick  near  Zug,  Einigkeit  and  Vereinigit  Feld  at  Brand, 
and  Himmelsfiirst  at  Erbisdorf,  comprised  a  continuous  completed 
length  of  nearly  43,000  meters.  Additional  extensions  of  the  main 
adit,  amounting  to  4300  meters,  are  still  to  be  made,  and  branches 
to  the  government  mines  Isaak,  Churprinz,  etc.,  which  will  aggre- 
gate about  3627  meters  more,  making  a  complete  length  for  the  adit 
and  its  branches  of  50,900  meters,  or  31.6  English  miles.  This  will 
be  the  lono-est  adit  in  the  world.     The  cost  thus  far  has  been  over 


*  Since  the  reading  of  this  paper,  my  attention  has  been  called,  by  Mr.  H. 
S.  Drinker,  to  the  fact  that  Couch,  of  Philadelphia,  invented  the  first  percussion 
drill  in  1849,  and  that  Fovvle's  direct-acting  drill  was  invented  in  the  same 
yar.  I  have  not  the  precise  date  of  the  trial  at  Freiberg,  but  I  feel  sure  it  was 
later.  K.  W.  R. 
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2,000,000  thalers,*  or  say  $1,500,000  gold,  which  would  be  something 
over  $51  per  running  meter.  Assuming  this  sum  to  have  been  ex- 
pended in  equal  instalments  of  60,000  thalers  through  tliirty-three 
years,  and  calculating  compound  interest  at  4  per  cent,  annually,  we 
have  as  the  total  cost, 

«  (1  +  r)"  —  a 
m  = 

7' 

a  being  the  annual  payment,  r  the  rate  of  interest,  and  n  the  num- 
ber of  years.  Putting  a=  60,000  thalers,  n  =  33,  and  r  =  0.04, 
m  becomes  in  round  numbers  $3,1)72,600  thalers,  or  say  $3,000,000. 
The  cost  of  the  adit  has,  therefore,  been  doubled  by  the  delay.  It 
is  evident,  on  this  showing,  that  "time  is  money"  in  an  enterprise 
of  this  kind  ;  and  the  moral  of  the  calculation  is  still  more  strongly 
enforced  when  it  is  remembered  that  the  long  delay  in  the  comple- 
tion of  the  work  has  prevented  the  commencement  of  a  productive 
industry,  in  comparison  with  which  the  loss  of  a  few  thousands  in 
compound  interest  becomes  trivial. 

This  adit  drains  the  different  mines  with  which  it  is  connected  to 
a  deptii  from  94  to  152  meters  below  the  dee})est  drainage  adits 
formerly  possessed  by  theui.  It,  therefore,  relieves  the  existing 
machinery  from  lifting  water  to  tiiat  extent,  and  also  furnishes  that 
amount  of  additional  fall,  to  be  utilized  by  subterranean  water-wheels 
or  hydraulic  engines,  after  the  manner  of  the  excellent  system  long 
practiced  in  the  Saxon  districts.  It  is  estimated  that  the  power  thus 
saved  on  the  one  side,  and  directly  furnished  on  the  other,  amounts 
to  1100  horse-power.  This  gain  is  enough  to  justify  the  expen- 
diture; but  a  further  element  of  profit,  which  cannot  be  accurately 
estimated,  will  be  furnished  by  the  reopening  of  numerous  mines  and 
the  development  of  deeper  levels  in  those  now  working,  for  all  of 
which  the  adit  will  supply,  without  additional  cost,  the  means  of 
inexpensive  drainage,  and,  to  some  extent,  of  natural  ventilation 
also.  If  the  economical  Geruians  are  willing  to  spend  so  much 
money,  and  make  an  adit  thirty  miles  long  for  the  sake  of  gaining 
from  300  to  500  feet  in  depth  of  drainage,  it  is  evident  that  the  age 
of  deep  tunnels  is  not  over ;  and  those  engineers  who  have  expressed 
d<)ubts  of  the  usefuhiess  of  the  Sutro  Tunnel,  which  will,  witii  its 
branches,  not  exceed  nine  miles  in  length,  and  which  penetrates  the 
Comstock  mines  at  nearly  2000  feet  below  surface,  may  find  reason 
to  revise  their  views. 


*  This  estimato  was  made  before  receiving  the  data  concerning  the  expen- 
ditures of  1874  and  1875,  which  are  included  in  the  table.  Ihe  argument  holds 
good,  though  the  amount.*  are  smaller  than  those  actually  expended. 
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GEAPHIC  METHOD  OF  KEEPING    THE  EECORD    OF 
WORKING  OF  A  BLA§T  FURNACE. 

BY   WILLIAM   KENT,    M.  E.,    PITTSBURGH,    PA. 

(Rfad  at  the  Ameuia  Meeting,  October,  1877.) 

In  a  paper  by  INIr.  Frank  Firmstone,  published  in  vol.  iv,  of  the 
Transactions  of  the  Institute,  on  "Comparison  of  Results  from 
0[)en-topped  and  Closed-topped  Furnaces,"  the  regularity  of  the 
average  grade  of  pig  iron  produced  by  the  furnace  under  different 
conditions  is  expressed  by  means  of  a  curve  or  diagram. 

The  object  of  this  note  is  to  show  that  the  graphic  method,  or  that 
of  representing  variations  by  plotted  curves  or  diagrams,  is  capable 
of  a  much  more  extended  application  to  blast-furnace  records,  mak- 
ing a  valuable  auxiliary  to  the  "  furnace  book,"  and  that  by  it  the 
practical  metallurgist  may  obtain  at  a  glance  information  concerning 
the  variations  of  the  furnace  during  long  periods,  which  could  be 
found  in  the  furnace  book  only  after  a  tedious  search. 

Plate  XII  is  a  graphic  record  of  an  anthracite  blast  furnace  for 
one  month.  The  table  on  page  554  gives  the  figures  obtained  from 
the  furnace  book,  together  with  a  record  of  temperature  of  the  at- 
mosphere, barometric  pressure,  and  moisture  in  the  air,  which  was 
obtained  from  a  meteorological  observatory  not  far  from  the  furnace. 

In  the  records  of  a  furnace,  two  of  the  variable  qualities  are  final 
results,  viz.,  the  quantity  of  pig  iron  produced,  and  its  grade;  all  the 
other  variables  are  antecedent  causes  which  produce  the  final  results. 
Of  these  variable  causes  which  contribute  to  the  quantity  of  product 
and  its  grade,  some  are  partially  under  the  control  of  the  furnace  man- 
ager, others  depend  upon  the  state  of  the  atmosphere,  and  still  others 
are  accidental.  Of  the  first  class  are  the  character  of  the  materials 
charged,  and  their  relative  proportions,  their  mechanical  condition.s,  as 
wetordry,  large  or  small  pieces,  etc.,  the  revolutions  of  the  engine,  the 
heat  and  pressure  of  blast,  and  the  distribution  of  the  charge.  Of  the 
second  class  are  the  number  of  pounds  of  air  blown  into  the  furnace 
for  each  stroke  of  the  engine,  tlie  amount  of  moisture  in  the  air,  and 
the  condition  of  the  chimney  draughts.  These  vary  largely  wdth  the 
season  of  the  year.  Of  the  third  class  is  the  leaking  of  a  tuyere  or  a 
temporary  stoppage. 

To  keep  a  record  of  this  kind  for  a  whole  year,  it  is  only  necessary 
to  procure  a  sheet  of  common  profile  or  cross  section  paper,  about  38 
inches  long  and  8  or  10  inches  wide,  with  cro.ss  lines  ruled  about  0.1 
of  an  inch  apart.     The  vertical  lines,  or  those  in  direction  of  the 
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breadth,  are  marked  with  the  days  of  the  year;  the  horizontal  lines 
serve  as  divisions  of  arbitrary  scales  of  the  variable  quantities  which 
enter  into  the  furnace  record,  the  scales  being  written  in  figures  at 
each  end  of  the  sheet. 

Each  day,  after  entering  in  the  furnace  book  the  usual  record  of 
charges,  fuel,  ore,  flux,  revolutions  of  engine,  temperature  and 
pressure  of  blast,  quantity  and  grade  of  product,  etc.,  the  clerk 
enters  these  same  variable  quantities  upon  the  diagram  sheet,  by 
making  a  dot  or  mark  for  each  variable  on  the  vertical  line  repre- 
senting the  day  ;  the  position  of  the  dots  on  the  line  being  deter- 
mined by  reference  to  the  scales  at  the  end  of  the  sheet.  The  dots 
entered  from  day  to  day  representing  each  variable  are  joined  by 
straight  lines,  making  thus  a  continuous  irregular  line  or  diagram. 
The  magnitude  and  position  of  the  arbitrary  scales  at  the  ends  of 
the  sheet  are  determined  to  suit  convenience,  so  that  the  irregular 
lines  representing  each  variable  will  not  crowd  or  interfere  with 
each  other.  The  time  necessary  for  keeping  such  a  graphic  record, 
if  the  furnace  book  record  is  properly  kept,  should  not  be  more  than 
one  or  two  minutes  each  day. 

Regularity  in  quantity  and  grade  being  a  chief  requirement  in 
working  a  blast  furnace,  it  is  desirable  to  know  what  quantitative 
eifect  changes  in  each  of  the  antecedent  conditions  of  the  first  two 
classes  above  mentioned  have  upon  this  result,  so  that  the  furnace 
manager  may  know  how  to  control  the  working  of  the  furnace,  by 
first  knowiu";  the  effect  of  a  change  in  those  conditions  over  which 
he  has  no  control — as  changes  in  the  atmosphere — and,  secondly, 
how  and  to  what  extent  he  can  counteract  these  effects  by  making 
changes  in  those  conditions  over  whicii  he  has  control. 

If  all  the  ordinarily  variable  antecedent  conditions  in  the  working 
of  a  blast  furnace  should  become  constant,  the  quantity  and  grade  of 
product  would  be  constant.  If  all  conditions  remained  constant, 
except  the  atmosphere,  the  quantity  and  grade  would  change  with 
the  atmosphere,  and  the  furnace  manager,  who,  by  experience,  had 
become  acquainted  with  the  effect  of  changes  in  the  atmospheric 
conditions,  might,  on  observing  an  atmospheric  change,  predict  or 
jjrevent  the  change  in  the  working  of  the  furnace,  without  waiting 
for  it  to  be  made  known  to  liim  by  a  change  in  the  appearance  of 
the  cinder,  or  of  the  iron  in  the  pig  bed. 

The  graphic  method  of  recording  the  variable  conditions  and 
results  which  attend  the  working  of  a  blast  furnace,  offers  to  the 
furnace  manager  a  valuable  auxiliary  to  aid  iiim  in  his  observation 
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and  study  of  the  eflfects  of  changes  in  the  variable  antecedent  condi- 
tions above  mentioned  upon  the  variable  results.  By  it  also  he  can 
study  the  effect  of  arbitrary  experimental  changes  in  the  method  of 
working  a  furnace,  or  the  results  of  two  furnaces  differing  in  any  of 
their  features.  The  accompanying  diagrams  (Plate  XII)  are  so  ir- 
regular that  they  seem  to  follow  no  law,  and  it  could  scarcely  be 
expected  that  any  important  deductions  could  be  made  from  the 
record  of  only  a  single  month;  but  there  is  one  peculiarity  of  the 
diagram,  representing  average  grade,  which  may  be  worthy  of 
attention. 

From  the  19th  to  the  26th  of  the  month,  there  is  a  rapid  fall  of 
the  average  grade  from  1.13  to  2.65.  The  cause  of  this  fall  appears 
to  be  indicated  by  the  atmospheric  record.  The  -temperature  rises, 
from  the  19th  to  the  22d,  from  28.7  to  48  degrees;  the  percentage 
of  vapor  in  the  atmosphere  rises,  from  the  18th  to  the  24th,  from 
0.40  to  0.62  per  cent.,  and  the  barometer  ranges  lower  during  the 
same  period  than  at  any  other  portion  of  the  month.  The  revolu- 
tions of  the  engine  remaining  constant,  these  atmospheric  changes 
would  cause  a  chilling  effect  upon  the  furnace,  and  a  fall  in  grade  of 
the  iron. 

It  is  not  my  intention,  however,  to  discuss  here  any  theory  of 
furnace  working,  but  merely  to  point  out  the  value  of  the  graphic 
method  in  studies  of  this  kind,  which  should  insure  its  adoption  at 
every  furnace. 
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Eecord  of  a  Blast  Furnace  for  One  Month. 
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THE  OBE-BEPOSITS  OF  EITBEKA  DISTRICT,  EASTEBN 

NEVADA. 

BY   WILLIAM   P.    BLAKE,   F.G.S.,    NEW    HAVEN,    CONN, 

(Read  at  the  Amenia  Meeting,  October,  1877.) 

Eureka  has  for  several  years  past  been  known  as  one  of  the 
most  important  centres  of  production  of  argentiferous  lead  in  the 
country.  The  average  daily  yield  is  now  one  hundred  tons  of  lead 
bars,  in  which  the  silver  and  gold  of  the  ore  is  concentrated.  The 
value  of  this  lead,  called  "  bullion,"  is  about  $oOO  per  ton.  To  pro- 
duce this  quantity  of  metal,^  about  four  times  the  weight  of  ore,  or 
say  four  hundred  tons,  is  required.  Most  of  this  ore  is  supplied  by 
the  two  leading  mines  of  the  district,  the  "  Eureka"  and  the  "  Rich- 
mond," adjoining  claims  on  Ruby  Hill,  about  two  miles  from  Eureka. 
There  are,  however,  many  other  mines  from  which  considerable  quan- 
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tities  of  ore  are  taken,  and  which  are  apparently  similar  in  nature 
and  extent  to  the  two  first  named.  Among  these  are  the  "  K.  K. 
Consolidated,"  adjoining  the  Eureka,  the  "Jackson,"  "Bald  Eagle," 
"  Pioneer,"  "  Hamburg,"  and  others.  Few  districts  can  show  so 
many  claims,  yielding  ore  from  the  surface  downwards,  and  in  most 
cases  in  quantity  sufficient  to  fully  pay  the  cost  of  opening  and  the 
erection  of  machinery  and  buildings. 

The  claims  are  in  a  belt  of  country  extending  some  six  miles 
southward  from  Eureka,  along  a  line  of  hills,  known  in'the  order  of 
their  succession,  southwards,  as  Adams  Hill,  Ruby  Hill,  McCoy 
Hill,  and  Prospect  Mountain  ;  the  tirst  being  the  lowest  adjoining 
the  plain,  and  the  last  named,  rising  to  the  height  of  about  10,OOU 
feet  above  the  sea. 

The  rock  formations  are  chiefly  limestone,  in  part,  or  perhaps 
wholly  dolomitic  or  magnesian.  There  are,  also,  quartzites  and 
strata  of  shaly  limestone,  and  shale.  The  central  portions  of  McCoy 
Hill,  and  of  Prospect  Mountain,  are  formed  of  more  or  less  crystal- 
line limestone,  of  light  color,  in  places  affording  cleavage  rhomboids, 
measuring  two  or  three  inches  on  a  side.  The  stratification  is  ob- 
scure. Fossil  trilobites  have  been  found  upon  the  eastern  flank  of 
Prospect  Mountain. 

This  suberystalline  nucleus  of  Prospect  Mountain  and  McCoy 
Hill,  is  flanked  on  the  east  and  north  by  quartzite,  magnesian  lime- 
stone, and  shale  in  succession,  forming  apparently  an  anticlinal  fold, 
of  which  the  upper  portions  and  the  western  side,  if  any  existed,  have 
been  swept  away.  The  magnesian  limestone  between  the  quartzite 
and  the  shale  is  reo-arded  as  the  chief  ore-bearing  formation.  It  is 
in  this  stratum,  at  the  north  end  of  McCoy  Hill,  that  we  find  the 
Eureka  and  Richmond  mines.  At  this  point  the  liniestone  is  thicker 
and  more  prominently  exposed  than  elsewhere,  forming  bold  rocky 
outcrops  of  an  ashy-gray  color.  Inspection  on  the  surface,  and  below, 
shows  that  the  rock  has  been,  and  is  now,  much  shattered  and  broken, 
the  older  fractures  being  indicated  by  a  network  of  small  white 
veins  of  calcite,  by  which  the  fragments  of  rock  once  separated  have 
apparently  been  cemented  and  held  together.  It  is  not  common  to 
find  large  unbroken  masses  of  the  rock  preserving  its  stratification. 
In  most  of  the  drifts  of  the  mines  it  can  be  picked  down  as  if  it  had 
been  previously  shattered  and  crushed  to  fragments.  Cavities  and 
open,  fissure-like  spaces  exist,  and  caverns  of  considerable  size  have 
been  found.     In  such  openings  even  at  great  depths,  strong  draughts 
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of  good  air  show  tbat  the  open  spaces  have  some  connection,  though 
distant,  perhaps,  witii  the  outer  air. 

It  has  been  assumed  that  this  fragmentary  condition  of  the  rock 
is  tiie  result  of  the  folding  at  the  time  of  the  original  uplift.  But 
such  movements  are  not  necessarily  attended  with  fracture  and 
crushing.  It  seems  much  more  probable  that  subsequent,  and  per- 
haps, recent  movements,  have  shattered  the  rocks.  There  is  abundant 
evidence  of  such  movements.  Smooth  wall-like  surfaces  are  fre- 
quently encountered  in  drifting.  Some  of  these  surfaces  are  highly 
polished  and  striated.  Seams  and  layers  of  finely  brecciated  rock 
are  also  found. 

There  are  also  evidences  of  movement  outside  of  this  special 
stratum  of  magnesian  limestone.  Its  plane  of  contact  with  the  shales 
is  marked  by  thick  layers  of  clay,  compressed,  rubbed,  and  strati- 
form;  inclosing  at  the  same  time  nodules  and  pebble-like  masses  of 
the  adjoining  harder  rocks.  In  some  places  this  clay  is  several  feet 
in  thickness,  notably  in  one  of  the  drifts  of  the  Richmond  Mine. 
Some  of  the  clay  layers  there  are  remarkable  for  their  extreme  tough- 
ness, and  a  certain  degree  of  elasticity,  like  thick  masses  of  leather, 
due  apparently  to  the  lamination  produced  by  rubbing  and  pressure. 

This  clay  septum  has  been  regarded  by  some  as  evidence  of  the 
existence  of  a  lode.  It  certainly  resembles  the  clay  walls  of  large 
lodes,  and  recalls  to  mind  the  divisions  of  the  eastern  wall,  or  walls, 
of  the  Comstock  lode.  But  it  by  no  means  follows  in  this  case,  at 
the  Eureka  mines,  or  elsewhere,  that  a  clay  wall  or  septum  bounds, 
and  marks  a  lode.  It  simply  marks  a  plane  of  least  resistance  to 
the  movement  of  the  rocks,  one  upon  another,  and  is  the  result  of 
the  attrition  of  the  rocks.  Such  planes  of  movement  are  not  neces- 
sarily accompanied  by  mineral  emanations,  or  by  the  formation  of 
veins.  We  may  believe  tliat  they  exist  in  all  rock  formations, 
especially  where,  as  in  earthquake  countries,  the  rocks  may  be  re- 
garded as  in  almost  constant  motion. 

The  underlying  quartzite  also  merits  our  attention  as  an  impor- 
tant member  of  the  series  of  strata.  It  is  a  formation  of  considerable 
magnitude,  and  may  be  traced  for  miles  southeastward  from  Ruby 
Hill,  presenting  generally  an  outcrop  much  stained  with  iron  oxide. 
In  the  Ruby  Hill  mines  it  is  noteworthy  for  its  uneven  surface, 
often  projecting  outwards  into  the  overlying  limestone  in  great 
bosses,  folds,  or  ''capes,"  as  they  are  sometimes  called  by  .the  miners 
and  surveyors.     This  highly  irregular  surface  has  been  explained  by 
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supjiosii)g  that  at  the  time  of  the  uplift  the  quartzite  was  buckled 
and  folded. 

It  is  along  and  in  the  belt  of  limestone  lying  between  the  quartzite 
below,  and  the  shale  above,  that  we  find  the  chief  deposits  of  argen- 
tiferous lead  ores.  Similar  ores  are  also  found  in  the  more  crystal- 
line limestone  of  Prospect  Mountain.  In  both  of  these  localities  the 
surface  evidences  of  the  existence  of  ore  may  be  said  to  be  slight, 
and  unsatisfactory.  A  mere  streak  or  patch  of  rusty  ground  a  few 
inches  or  feet  in  length,  appearing  at  the  surface  of  the  limestone 
may,  on  exploration,  lead  below  to  great  bunches,  "chambers"  or 
bo)ianzas  of  ore.  There  are  no  outcrops  of  quartz  or  other  veinstone, 
no  linear  arrangement  or  distribution  of  minerals  standing  above  the 
general  surface  to  attract  the  prosj)ector  or  to  guide  the  miner;  no 
"crest-stones,"  as  they  would  be  called  by  Mexican  miners.  There 
are,  however,  some  places  where  the  ferruginous  discoloration  denot- 
ing ore  has  linear  extent  indicative  of  a  bed  or  vein-like  deposit, 
parallel  with  the  trend  of  the  limestone,  as,  for  example,  at  the  Bald 
Eagle  and  the  Red  Bird  claims.  There  does  not  appear  to  be  any 
general  uniformity  of  direction  or  position  of  the  surface  indications 
of  ore  with  respect  to  the  rocks.  The  outcrops,  such  as  they  are, 
are  as  often  diagonal  to  the  general  direction  of  the  formations  as 
parallel  with  them.  So,  also,  below  the  surface,  the  direction  of  the 
major  axis  of  a  bonanza  is  often  oblique  to  the  direction  of  the  lime- 
stone. It  may  be  said  to  be  general  that  the  extension  of  the  ore 
masses  is  greater  downwards  than  laterally.  INIost  of  the  openings 
or  mines  have  this  character.  The  deepest  point  yet  reached  is  in 
the  Richmond,  about  1100  feet  from  the  top  of  the  hill.  The  gen- 
eral form  of  this  mass  of  ore  appears  to  have  been  that  of  a  "chim- 
ney," with  occasional  enlargements  or  expansions,  filled  with  ore. 
These  expanded  portions  were  ellipsoidal  in  form,  and  never  ex- 
tended more  than  300  feet  laterally,  with  a  thickness  of  perhaps 
100  feet,  while  their  longer  axes  were  in  the  direction  of  the  dip. 
There  were  three  or  more  such  bonanzas  in  succession,  connected  by 
contracted  or  "pinched"  seams  of  ore,  forming,  when  the  ore  was 
removed,  a  continuous  chain  or  series  of  chambers. 

A  somewhat  similar  arrangement  of  bonanzas  connected  by  con- 
tracted ore-seams  was  found  in  the  Eureka  claim.  In  both  mines 
the  ore  commencing  above  in  the  limestone,  extends  obliquely  down- 
wards across  the  limestone,  and  finally  comes  in  contact  in  places 
with  the  underlying  quartzite,  into  which  it  does  not  penetrate  ;  nor 
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does  it,  on  the  other  hand,  cross  or  pass  beyond  the  overlying  clay 
septum. 

This  ore  is  an  earthy  mixture  of  lead  oxide  and  lead  carbonate, 
with  nodular  masses  of  galena,  all  accompanied  with  large  quantities 
of  gossan-like  iron  oxide,  too  poor,  in  either  lead  or  silver  to  be 
worked.  If  is  not  arranged  in  vertical  layers  or  sheets  with  "  comb" 
structure.  It  is  soft,  not  in  a  crystalline  rock-like  aggregation,  but 
more  like  sand  or  clay  in  a  bank.  As  a  general  rule  the  ore  lies 
under  the  ferruginous  mass,  and  is  in  horizontal  or  slightly  inclined 
but  irregular  layers  of  dark-colored,  "black  carbonate,"  alternating 
with  yellowish-colored  and  the  "  white  carbonate."  The  black  car- 
bonates generally  form  on  the  bottom  next  to  the  quartzite,  in  layers, 
from  a  few  inches  thick  to  four  feet  in  some  places. 

In  all  of  the  mines  it  is  found  that  irregular  seams  of  ore  may 
lead  downwards  to  large  bodies.  In  the  Bald  Eagle  claim,  a  thin 
and  irregular  streak  or  sheet  of  rusty  ore  was  followed  downwards 
in  the  limestone  for  150  feet,  where  a  nearly  flat  deposit  was  reached. 
It  appeared  to  be  a  deposit  in  a  bnsin-shaped  depression  or  cavity. 
The  following  succession  of  ore  and  clayey  layers  was  found  in  a 
face,  or  cut,  about  four  feet  hiii-h,  showing;  a  remarkable  deorree  of 
stratification. 

1.  Buff-colored  clay,  very  fine,  3  inches  to  18  inches  thick. 

2.  Rusty  ferruginous  layer,  1  inch  to  2  inches  thick. 

3.  Brecciated,  earthy  mass,  4  inches  to  8  inches  thick. 

4.  Buff  clay  in  thin  layers. 

5.  Carbonate  of  lead,  white  and  soft,  2  inches  thick. 

6.  Buff-colored  clay,  6  inches  thick. 

7.  Blue  carbonate  of  lead.  8  inches  to  12  inches  thick. 

8.  Yellow  and  bluish-colored  layer,  1  inch  thick. 

9.  Limestone  floor. 

The  white  "carbonate  of  lead"  was  extremely  soft,  fine,  and 
heavy,  resembling  "  white  lead."  All  the  materials  were  extremely 
fine  and  in  thin  regular  layers.  The  heavy  masses  of  clay  above  the 
ore  were  not  rich  enough  to  pay  for  extraction,  but  the  carbonates 
were  rich  in  gold  as  well  as  silver  and  lead;  the  value  of  a  con- 
siderable quantity  being  over  $116  per  ton.  In  some  places  the  ore 
overlies,  or  crosses  the  top  of  irregular  vertical  cavities  in  the  lime- 
stone. This  peculiarity  is  visible  to  better  advantage  in  the  "  In- 
dustry claim,"  where  there  is  a  nearly  horizontal  layer  of  ferruginous 
ore,  from  one  to  four  inches  thick,  resting  upon  an  uneven  floor  of 
limestone,  and  overlaid  by  a  few  inches  of  clay  and  of  hydrous  lini- 
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oiiite.  Some  of  the  cavities  below  it  are  filled  with  ore,  and  others 
are  empty. 

Atthe"Elise  claim,"  there  are  limited  ft'rrnsjinoiis  outcrops  at 
the  surface  in  places,  twelve  to  eighteen  inches  wide,  which,  on  being 
followed  down,  open  out  into  bunches  of  ore,  containing  galena  in 
nodules.  From  the  side  of  a  cavernous  opening  in  thisclaim,  there 
extends  laterally,  for  fifteen  or  twenty  feet,  an  irregular  tubular  channel, 
not  much  larger  in  section  than  a  barrel,  in  which  rich  soft  ore  was 
found.  This  cavity  covered  seams  or  breaks  in  the  rock  without 
being  faulted  or  disturbed.  The  peculiarities  of  form  in  detail  of  the 
deposits  are  almost  endless,  and  examples  might  be  multiplied  in- 
definitely, each  claim  in  fact  presenting  different  phenomena  in 
different  places.  There  is  nowhere  any  resemblance  to  "  stock- 
werk"  veins,  nor  does  the  ore  ramify  and  extend  throughout  the 
mass  of  the  rock.  The  only  available  ore  is  accumulated  in  the 
cavern-like  spaces,  and  is  in  the  soft  decomposed  condition  already 
described.  As  a  general  rule  the  good  ore  rests  in  streaks  and 
irregular  layers  under  masses  of  hydrous  iron  ore.  The  dark  or 
"blue  carbonates"  are  generally  at  the  bottom,  and  rest  either  on 
the  quartzite  or  limestone  floor,  while  above  they  alternate  with  the 
yellow  or  white  ores  and  buff-colored  clays. 

Galena  is  generally  most  abundant  near  to  the  margins  of  the  ore- 
bodies,  not  in  their  midst.  There  is  occasionally  some  dolomitic 
breccia,  and  fragments  of  the  white  spar  were  seen  in  the  midst  of  the 
ore.  Caverns  are  found  from  forty  to  fifty  feet  in  extent,  with  the 
walls  lined  with  beautiful  crystalline  layers  of  alabaster-like  spars. 
In  one  of  the  caves  in  the  Richmond,  bones  of  animals  were  found 
with  the  lead  ore.  The  chambers  from  which  the*  ore  is  taken  are 
cavern-like  in  their  form  and  irregularity.  The  drainage  is  good, 
and  there  is  access  of  air.  Under  such  circumstances  there  could 
hardly  fail  to  be  oxidation  and  decomposition  of  pyritous  ores,  and 
this  I  regard  as  the  origin  of  the  oxide  of  iron  and  the  carbotiate  of 
lead.  The  presence  of  small  quantities  of  wulfenite  (molybdate  of 
lead),  should  be  mentioned,  and  also  a  notable  portion  of  gold, 
especially  in  the  ferruginous  ore. 

In  all  of  these  deposits  we  see  clearly  that  there  is  a  stratiform 
arrangement  of  the  ore,  due  to  chemical  changes  and  gravitation. 
In  some  places  it  seems  to  have  been  washed  in  by  currents  of  water, 
in  others  to  have  slowly  subsided  as  sediment  in  comparatively  quiet 
water.  It  is  evident  everywhere  that  the  ore  is  in  an  oxidized 
changed   condition   (with  the    exception  of  occasional   bunches   of 
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galena),  due  to  the  access  of  air  and  moisture,  and  the  conclusion  is 
iiresistible  that  the  products  of  decomposition  have  settled  down- 
wards, dro})ping  to  the  lowest  points  that  could  be  reached  and 
gradually  filling  them.  In  this  simple  operation  of  the  descent  by 
gravity  of  heavy  solutions  and  materials,  the  openings  or  fissures  of 
the  rock  would,  of  course,  be  followed,  and  we  have  reason  to  con- 
clude that,  the  surface  of  the  limestone  was  more  or  less  corroded 
and  modified  by  the  action  of  the  dissolving  ore  upon  it,  producing, 
in  connection  with  atmospheric  waters,  the  caverns  and  irregular 
spaces. 

The  nature  of  the  ore-deposits  in  this  limestone  or  dolomite,  their 
form,  mode  of  occurrence,  and  their  relations  to  the  dolomite,  each 
other,  and  the  adjoining  formations,  are  questions  which  have 
recently  been  considered  by  able  experts  from  two  different  points 
of  view.  The  question  is  considered  to  be  one  of  grave  importance 
to  the  two  chief  companies — the  Eureka  and  the  Richmond — the 
former  claiming  that  a  continuous  lode  exists,  and  the  latter,  that 
there  is  no  regular,  continuous  lode,  but  that  the  ore  is  formed  in 
disconnected  chimneys  or  "pipes,"  which  should  be  worked  as  dis- 
tinct and  independent  ore-bodies,  to  be  followed  wherever  they 
may  lead. 

A  solution  of  the  difficulty  for  the  present  has  been  found  in  the 
legal  decison,  that  the  zone  or  formation  of  rock  in  which  the  ore 
occurs,  all  between  the  quarzite  on  one  side,  and  the  shale  on  the 
other,  is  a  single  "great  vein,"  or  "great  lode,"  in  the  sense  in 
which  these  words  are  used  by  miners,  and  that  it  must  be  treated 
as  such.  Great  stress  is  laid  upon  the  use  of  the  word  "  lode"  by 
miners,  who  are  said  to  apply  the  term  to  all  zones  or  belts  of 
metal-bearing  rock  lying  within  clearly  marked  boundaries.  And 
it  is  assumed  that  the  Acts  of  Congress  governing  the  location  and 
rights  of  property  in  mines,  use  the  term  in  the  sense  in  which 
miners  understand  it. 

Certainly  no  bedded  rock  of  sedimentary  origin  can  with  pro- 
priety be  called  a  vein  or  lode.  If  iron  ores  and  coal  are  cited 
as  possible  excej)tions  to  this  view,  it  will  be  admitted  that  it  is 
usual  to  sj)eak  of  both  as  "  beds"  rather  than  veins,  the  distinction 
being  well  understood  if  not  specially  stated.  If  the  word  "vein" 
is  used  in  speaking  of  coal-beds  or  seams,  it  is  usual  to  qualify  the 
word  by  saying  a  "  vein  of  coal."  Miners  would  not  and  do  not 
consider  the  "coal  measures"  as  a  vein  or  lode,  and  it  would  be 
hard  to  find  an  instance  of  any  miner  or  prospector,  however  inex- 
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perienced,  who  claimed  or  located  a  zone  or  belt  of  rock  as  a  lode  or 
vein.  Most  of  our  A  merican  miners  have  very  clear,  and  in  general, 
correct  ideas  of  what  constitutes  a  "  vein,"  "  lode,"  or  "  ledge,"  or  a 
"reef,"  as  an  Australian  miner  would  say.  The  "country-rock"  is 
generally  recognized  as  holding  or  bounding  a  lode,  not  as  part 
of  one. 

To  call  a  group  of  limestone  strata  a  lode  or  vein,  because  they 
are  more  or  less  charged  with  ore,  I  cannot  but  characterize  as  a  new 
and  convenient  heresy.  An  approximation  to  this  was  brought  for- 
ward for  the  first  time  in  the  discussion  of  the  nature  of  the  Emma 
Mine  deposit,  where  it  was  attempted  to  show  that  a  series  of  discon- 
nected deposits  of  ore,  separately  worked,  and  with  characteristically 
different  ores,  constituted  one  lode  or  vein.  The  growth  of  this 
heresy  has  been  gradual.  By  slow  gradations  the  mind  is  led  to 
calmly  accept  a  conclusion  which,  if  fully  stated  at  the  outset, 
would  be  repudiated  as  subversive  of  all  established  rules  and 
precedent. 

To  conclude  that  because  a  certain  rock  formation  bears  minerals 
in  greater  or  less  abundance,  so  that  the  stratum  or  rock  may  be 
followed  in  search  of  such  minerals  or  ores  with  greater  certainty  of 
finding  them,  than  to  look  for  them  elsewhere,  to  aver  that  such  a 
rock  formation  is  a  vein  or  lode,  in  either  a  merely  practical  or 
scientific  sense,  is  a  new  and  violent  definition  of  the  terms.  It  is  a 
dangerous  and  pernicious  definition,  subversive  of  miners'  rights, 
based  upon  the  hitherto  unquestioned  meaning  of  words  used 
understand ingly  by  miners  for  generations  and  never  so  applied. 

Discussion. 

Dr.  R.  W.  Raymond. — Prof.  Blake  has  evidently  been  led  by 
independent  observation  to  confirm  the  theory  of  the  formation  of 
the  ore  deposits  at  Eureka  put  forward  by  Dr.  Hunt,  Mr.  Keyes, 
and  myself  during  the  late  lawsuit,  if  he  had  heard  or  read  all  the 
evidence  in  that  case,  he  would  not  have  permitted  himself  to  use 
the  phrase  "new  and  convenient  heresy"  in  ciiaracterizing  the  legal 
definition  of  a  lode,  laid  down  in  the  decision  of  a  Court.  It  cannot  be 
a  heresy  in  law;  for  it  is  promulgated  by  authority  superior  to  any 
that  can  be  produced  against  it.  It  is  therefore  strictly  orthodox. 
But  it  cannot  be  a  heresy  in  science,  for  it  is  not  a  scientific  proposi- 
tion at  all.  It  deals  with  the  simple  question  of  the  meaning  of  a 
word  in  the  law,  not  according  to  science,  but  according  to  usage. 
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The  law  permits  locations  to  be  made,  and  titles  acquired  upon 
veins,  lodes,  or  ledges,  the  three  terms  being  admitted  to  be  synony- 
mous, but  the  use  of  the  three  indicating  that  whatever  miners  are 
accustomed  to  call  a  vein,  a  lode,  or  a  ledge,  may  be  thus  located  and 
held.  Hundreds  of  mines  are  so  held,  on  "  ledges"  which  are  really 
zones  of  sedimentary  rock.  All  the  quicksilver  mines  of  the  coun- 
try, many  of  the  copper  mines,  etc.,  are  examples.  Prof.  Blake 
would  leave  these  mines  out  altogether,  destroying  the  titles  and 
overturning  the  settled  practice  of  a  generation,  in  the  attempt  to 
enforce  a  pedantic  construction  of  a  word.  And  yet  he  calls  this 
universal  usage  "new  and  convenient!"  It  is  not  even  new  in 
technical  literature,  as  was  abundantly  shown  during  the  Eureka 
trial,  and  is  shown  in  my  paper  on  the  subject,  just  presented  to  the 
Institute.  I  would  refer  Prof.  Blake  to  the  numerous  authorities 
there  cited,  and  particularly  to  Kenwood's  paper  in  the  third  volume 
of  the  Transactions  of  the  Geological  Society  of  Cornwall,  in  which 
a  lode  of  limestone  is  described  as  containing  a  pipe-vein  or  pipe  of 
ore.  This  passage  is  as  directly  in  the  teeth  of  Prof  Blake's  assump- 
tion that  it  alone  should  induce  him  to  modify  his  criticism,  and 
re-examine  the  grounds  of  his  opinion.  With  regard  to  the  some- 
what unpleasant  word  ''convenient,"  employed  by  Professor  Blake, 
I  understand  him  to  disclaim  any  insinuation  that  the  experts  who 
stated  their  view  of  the  usage  of  miners  and  of  the  practical  unity  of 
the  Kuby  Hill  deposit,  adopted  this  view  because  it  served  the  pur- 
pose of  their  employers.  That  disclaimer  being  accepted  (though  I 
could  wish  it  were  more  clearly  made  in  the  paper  itself),  the  "  con- 
venience" of  the  construction  referred  to  must  relate  either  to  the 
Court,  or  to  the  miners,  or  to  the  facts.  In  these  respects  it  certainly 
is  convenient.  It  agrees  with  the  facts,  it  delivers  miners  from  the 
subtleties  of  experts,  and  it  enables  Courts  to  render  substantial  jus- 
tice.    Precisely  because  of  this  convenience,  it  is  not  "new." 

Prof.  W.  P.  Blake. — I  have  not  considered  the  question  of  the 
meaning  of  the  word  "lode"  from  a  scientific  standpoint,  but  rather 
from  the  practical,  or  miner's  point  of  view.  I  do  not  recognize  it  as 
a  scientific  term,  but  it  is  one  well  understood  by  Cornish  miners,  and, 
generally,  by  prospectors  in  the  West.  For  one,  I  am  not  prepared 
to  accept  a  legal  definition  of  a  word  which  violates  general  usage 
and  is  opposed  to  the  common  sense  of  miners.  It  is  this  new  and 
forced  construction  of  the  words  and  meaning  of  the  law,  as  I  claim, 
to  which  I  address  my  protest.  I  cannot  agree  with  Dr.  Raymond 
that  it  is  common  to  locate  zones  of  sedimentary  rock  as  "  ledges," 
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nor  that  "all  the  quicksilver  mines  of  the  country  and  many  of  the 
copper  mines  are  examples"  of  such  locations.  Cinnabar  occurs  in 
veins  penetrating  and  traversing  the  rocks ;  the  copper  ores  do  fre- 
quently occur  as  beds  or  interstratified  masses,  but  in  both  cases 
locations  are  made  by  miners  upon  the  theory  of  the  existence  of  a 
lode  or  vein  trending  in  a  certain  direction  and  independent  of,  or 
different  from  the  rocks.  It  is  not  the  zone  of  rock  that  they  locate, 
and  intend  to  mine,  but  the  mineral  which  is  in  the  rock,  and  which 
to  them  is  the  lode.  Locations  frequently  extend  beyond  any  traces 
of  a  vein,  but  they  are  made  (if  honestly  made)  in  the  supposed  direc- 
tion of  a  vein  or  lode,  and  upon  the  assumption  that  ore  exists. 
These  mines  of  quicksilver  and  of  copper  would  not  be  left  out  by  me, 
nor  would  I  have  the  practice  of  locating  them  changed.  It  is 
against  a  change  that  I  protest.  Do  not  let  us  have  any  new  defi- 
nitions, even  if  legalized,  which  at  least  one-half  of  the  experts  and 
of  the  litigants  in  the  Eureka-Richmond  case  repudiate.  I  am 
referred  to  a  paper  by  Mr.  Hen  wood,  and  I  am  told  that  he  uses  the 
expression  "  lode  of  limestone."  I  regret  such  a  perversion  of  words. 
He  may  have  used  the  word  in  its  broadest  and  most  generic  sense, 
meaning  really  a  stratum,  but  it  is  in  direct  violation  of  miners' 
usage.  The  convenience  in  the  use  of  this  term  lode  to  mean  a 
zone  or  belt  of  any  rock  which  carries  veins  or  metals,  does  not  jus- 
tify it,  and  because  it  is  so  used  I  object  formally,  and  not,  I  hope, 
in  an  "over-hasty"  manner.  I  disclaim  any  personality,  or  any 
impugning  of  motives.  It  is  well  to  add,  also,  that  my  criticism  is 
wholly  disinterested.  I  claim  further,  that  for  practical  purposes, 
and  in  a  practical  sense,  the  Ruby  Hill  limestone  is  not  a  "vein"  or 
even  a  stratum  of  ore-bearing  rock  which  must  be  mined  to  be  util- 
ized. The  ores  are  clearly  separated  from  the  rocks,  and  are  extracted 
without  necessarily  mining  the  rock.  It  is  not  a  belt  of  equal,  or 
even  approximately  equal,  mineralization,  so  as  to  tempt  the  miner 
to  locate  it  as  a  lode,  and  it  does  not  appear  that  it  was  so  located. 
No  miner  had  or  would  "locate"  the  limestone,  but  what  he  sup- 
posed to  exist  in  the  limestone  as  bodies  or  masses  or  lodes  of  ore. 

In  regard  to  the  theory  of  the  formation  of  the  ore  in  the  lime- 
stone, my  views  are  not  expressed  in  my  paper  except  as  respects  the 
forni  of  the  deposits  due  to  decomposition.  These  views  a[)pear  to 
be  substantially  the  same  as  those  of  Dr.  Hunt  and  of  Dr.  Raymond, 
but  were  given  by  me  in  the  Emma  Mine  case  long  before  they 
found  expression  by  either  of  these  authorities. 
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Acetic  acid  from  wood  distillation,  200,  202. 

Action  of  small  spheres  of  solids  tn  ascending  currents  of  fluids,  and  in  fluids  at  rest, 
Bartlett.  (A  mathematical  discussion  of  the  relative  efficiency  of  air  and 
water  as  mediums,  for  the  dressing  of  ores,  with  examples  in  practice),  415. 

Adams  Hill,  Eureka  district,  Nevada,  351,  555. 

Adit,  the  Rothschonberger  adit,  542. 

Agate  wheel  and  plate  for  crushing  analytical  samples,  519. 

Air  compared  witli  water  as  a  medium  for  dressing  ores,  415. 

Ajax  Hill,  Eureka  district,  Nevada,  351. 

Allen's  marble  quarry,  Connecticut,  visit  to,  17. 

Allouez  copper  mine  and  mill,  Lake  Superior :  sandslips,  276  ;  system  of  mining,  288  ; 
men  and  wages,  291  ;  analysis  of  cost  of  mining,  291,  292,  293 ;  hoisting  ex- 
penses, 297  ;  number  of  tons  hoisted,  298 ;  number  of  men  and  cost  of  sorting 
and  selecting  rock,  299  ;  water  brought  to  mill  in  launders,  301 ;  mine  railroad, 
301  ;  stamp  mill  expenses,  303,  304,  305 ;  surface  expenses,  307 ;  construction 
account,  307  ;  miscellaneous  expenses,  308  ;  total  cost  of  mining  and  milling,  309. 

Altaite,  occurrence  in  Colorado,  507. 

Amboy  (N.  J.)  clays,  178,  183, 184. 

Amendments  to  Rules,  8  ;  proposed  amendments,  23. 

Amenia,  New  York,  iron  ore  bed,  221  ;  meeting,  October,  1877,  10 ;  visit  to  mines, 
16. 

Amole  iron  ore  mine,  Mexico,  404. 

Amygdaloids,  copper-bearing  of  Lake  Superior,  275, 276  ;  percentage  of  copper,  276, 
277  ;  Atlantic  mine,  277  ;  system  of  mining,  288 ;  sorting  and  picking  ore,  295. 

Analyses :  of  blast-furnace  gases,  by  Orsat  apparatus  at  Cedar  Point  furnace,  169, 
427  ;  of  CLAYS,  of  New  Jersey,  Raritan  potter's  clay,  ISO;  Raritan  fire-clay,  181 ; 
"Woodbridge  lire-clay,  182;  "feldspar,"  183;  stone-ware  clay,  185;  Florence 
clay,  186 ;  clay  from  Pensauken  Creek,  187  ;  of  clay  shale  of  the  Eureka  dis- 
trict, Nevada,  360 ;  of  coal,  glance,  fibrous,  and  lamellar  bituminous  coals,  272 ; 
of  coal  from  Mesozoic  formation  in  Virginia,  269 ;  of  Rhode  Island  coal,  225, 
226 ;  of  various  anthracite  and  bituminous  coals,  438-447 ;  of  Pennsylvania 
bituminous  coals,  440-447  ;  of  ferromanganese,  made  at  St.  Louis  furnaces, 
Marseilles,  France,  193  ;  of  iron  for  L^nited  States  Test  Board,  102 ;  of  iron 
ORES,  Mexican  ores,  405, 407  ;  of  Cumberland  (Rhode  Island)  magnetite,  226;  of 
Cranston  (Rhode  Island)  hematite,  227  ;  of  limestone,  from  Mexico,  409  ;  of  the 
vein  and  country  limestone.  Eureka  district,  Nevada,  355,  361  ;  of  the  nickel 
VEIN  at  Orford,  Canada,  211  ;  of  ORE  stains  in  Eureka  district,  Nevada,  369  ;  of 
PIG  IRON  made  at  St.  Louis  furnaces,  France,  193;  of  tellurium  minerals, 
506,  507. 
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Ancdyses  of  some  tellurium  minerah,  Jennixgs.  (Native  tellurium  antl  sylvanite 
from  Colorado),  506. 

Ancient  copper  mining  on  Lake  Superior,  281. 

Anthracite  coal :  analyses,  438  ;  definition,  449 ;  properties,  432 ;  occurrence  in 
Rhode  Island  and  Massachusetts,  224;  dust  used  for  Loiseau's  artificial  fuel, 
214. 

Anthracite  fuel  compan}-,  214. 

Aquia,  Virginia,  Mesozoic  deposits,  232. 

Argentiferous  lead  ores,  dressing  at  Clausthal,  470 ;  occurrence  at  Eureka,  Nevada, 
365.  376,  558. 

Arkose  in  Mesozoic  formation  in  Virginia,  240,  251,  253,  255. 

Artificial  fuel,  Loiseau's,  its  manufacture  at  Port  Richmond,  Philadelphia,  214;  men- 
tion of  other  systems  of  making  artificial  fuel,  214,  215. 

Ash  of  coal,  amount  of  limestone  necessary  to  flux,  169. 

Ashley,  Pennsylvania,  excursion  to  shops  of  Central  Railroad  of  New  Jersey,  5. 

Assaying  at  the  Lake  Superior  copper  mines,  301. 

Atlantic  copper  mine  and  mill.  Lake  Superior :  percentage  of  copper  in  rock,  276, 
277  ;  cost  of  mining,  293  ;  mine  skip,  295  ;  Blake  crushers,  298  ;  water  brought 
to  mill  in  launders,  301 ;  expenses  of  mining  and  milling,  306,  307. 

Atmospheric  chemistry,  introductory  remarks  of  Dr.  T.  Sterry  Hunt,  at  Philadel- 
phia meeting,  18. 

Austin  or  Reese  River  silver  district,  Nevada,  344. 

Austi'ia,  manufactui'e  of  ferromanganese  in  the  blast-furnace,  451. 

Bald  Eagle  mine,  Eureka  district,  Nevada,  555  ;  character  of  ore-deposit,  558. 

Barboursville,  Virginia,  Mesozoic  deposits,  236. 

Barnes,  P.  Note  upon  the  construction  of  the  converting  works  of  the  Edgar  Thomson 
Steel  Works,  of  Pittsburgh,  195;  Note  upon  the  "blue"  process  of  copying  tracings, 
197  ;  Note  upon  the  cost  of  two  blastfurnaces  in  the  Cleveland  district  of  England, 
520 ;  Note  upon  the  cost  of  six  regenerative  fumaces  built  in  1875  at  the  Edgar 
Thomson  Steel  Works,  Pittsburgh,  523  ;  Note  upon  the  cost  of  iron  rails  as  made  in 
18(56  in  a  leading  English  railway  company's  rolling  mill,  524: ;  Memorandum  re- 
lating to  the  boiler  account  as  kept  during  the  construction  of  the  Edgar  Thomson 
Steel  Works,  Pittsburgh,  525. 

Barnum-Richardson  Company,  Salisbury  district,  Connecticut,  221,223;  its  mines 
and  furnaces,  11,  17. 

Barrel-work  copper,  Lake  Superior,  278. 

Baetlett,  J.  C.  The  action  of  small  spheres  of  solids  in  ascending  currents  of  fluids, 
and  in  fluids  at  rest,  415. 

Bashbish  Falls,  Connecticut,  excursion  to,  16. 

Battle  Mountain,  Nevada,  copper-silver  district,  344. 

Bells  for  blast-furnaces,  proper  size,  171. 

Belmont,  Nevada,  silver  district,  344. 

Beladon  in  Mesozoic  formation  in  Virginia  and  North  Carolina,  261,  264. 

Berthier,  contributions  to  the  production  of  charcoal,  201. 

BiKKiNBiNE,  John.  Notes  upon  the  drainage  of  a  flooded  ore  pit  at  Pine  Grove 
Furnace,  Pennsylvania,  174 ;  remarks  on  destruction  of  forests  for  iron  making, 
204. 

Bituminous  coal :  see  also  coal ;  analyses,  269,  272,  439-447  ;  definition,  449  ;  prop- 
erties, 432. 

liituminous  shales  in  Mesozoic  formation  in  Virginia,  254,  263,  273 ;  from  flank  of 
North  Mountain  (Pennsylvania),  relation  of  fixed  carbon  to  volatile  comlnis- 
tible  matter,  448. 
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"  Black  Carbonate  "  lead-silver  ore,  Eureka  district,  Nevada,  36G,  368,  376,  558. 

Blake,  W.  P.     The  ore-deposits  of  Eureka  district,  Eastern  Nevada,  554. 

Blake  rock  crushers  at  Clausthal,  478. 

Blast,  mechanical  work  performed  in  heating  tlie  blast,  313. 

Blast  produced  by  Richard's  jet  pump,  494. 

Blast  Furnace:  cost  in  Cleveland  district,  England,  520;  tire-brick  stoves,  the  Sie- 
mens-Cowper-Cochrane,  stove,  463  ;  first  one  built  in  Connecticut,  222 ;  gases  of 
blast  furnace,  analyses  by  Orsat  apparatus,  169,  427  ;  graphic  method  of  keeping 
.  blast-furnace  record,  551  ;  in  Mexico,  398  ;  mechanical  work  performed  in  heat- 
ing the  blast,  313 ;  production  of  ferromanganese  in  Austria,  451  ;  at  St.  Louis 
furnaces,  France,  192,  452  ;  of  spiegeleisen  in  Sweden,  451 ;  blast  furnaces  in 
Salisbury,  Connecticut,  223  ;  blast-furnace  sections  of  Cedar  Point  furnace  after 
blowing  out,  170;  proper  size  of  bells,  171 ;  use  of  red  charcoal  in  blast  furnace, 
203,  205,  206,  208 ;  use  of  wood,  203,  204. 

Blasting  in  hydraulic  mining,  85. 

Blasting  in  Lake  Superior  co2)per  mining,  290. 

Blasting,  method  employed  in  tunnelling  on  Mariposa  estate,  California,  155 ;  Her- 
cules powder,  155. 

Blind  coal,  431. 

Blower  for  laboratory  use,  494. 

Blowing  out  with  limestone,  169. 

Blue  powder  fi'om  zinc  works,  used  in  analytical  chemistry,  509. 

"Blue  "  process  of  cojiying  tracings,  197. 

Boiler  account  of  Edgar  Thomson  Steel  Works,  525. 

Boulder  County,  Colorado,  analyses  of  tellurium  minerals,  506. 

Boulder  group  in  Mesozoic  formation  in  Virginia,  252,  256. 

Bowie,  A.  J.  Jr.     Hydraulic  mining  in  California,  27. 

Bowman  Dams  (hydraulic  mining),  76,  78. 

Brazil,  discovery  of  gold  in  grass  roots,  33. 

Brick  clay  in  New  Jersey,  183. 

Bristol,  Nevada,  silver  district,  345. 

Brown  coal,  properties,  432. 

Buckeye  claim.  Eastern  Nevada,  348. 

"  Buckshot  iron,"  Dewey,  499  ;  characters  and  composition,  499  ;  conditions  of  pro- 
duction, 500  ;  method  of  analysis,  500. 

Buddies  used  at  Clausthal,  488. 

Buel  and  Bateman's  early  furnaces  in  Eureka  district,  Nevada,  348. 

Burleigh  drills  used  in  copper  mining  on  Lake  Superior,  290  ;  used  in  Eothschon- 
berger  Stollen,  546. 

Cables,  wire,  at  Lake  Superior  copper  mines,  injured  by  coal  tar,  297. 

Caking  coal,  272,  432. 

Calamites  in  Mesozoic  formation  in  Virginia,  242,  243,  254,  255,  261,  264. 

California  gold  regions  and  gold  placers,  27,  28,  29 ;  hydraulic  mining,  27 ;  late 
operations  on  the  Mariposa  estate,  145 ;  topography  of  the  gold  regions,  27. 

Calumet  and  Hecla  copper  mine.  Lake  Superior,  occurrence  of  metal  in  shoots,  275 ; 
deposition  of  copper  by  electro-chemical  action,  276  ;  percentage  of  copper  in 
rock,  276 ;  sand  slip,  276,  276 ;  conglomerates,  277 ;  only  paying  mine  in  t^ie 
conglomerate,  277  ;  sheet  copi>er,  278 ;  system  of  mining,  288,  289 ;  tim])er- 
ing,  290 ;  man-engine,  294  ;  breaking  of  large  masses  by  steam  hannner,  298  ; 
water  pumped  from  lake  for  mill,  301  ;   mine  railroad,  301. 
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Canada  :  Manhattan  salt  mine  at  Goderich,  125 ;  nickel  ores  of  Orford,  209. 

Candles,  exclusive  use  of  in  Lake  Superior  copper  mines,  294. 

Cannel  coal,  properties,  431,  432. 

Can  we  transmit  poicer  in  large  amount  by  electricity?  Keith,  452;  analysis  of  state- 
ment of  Dr.  Siemens  on  the  practicability  of  conducting  power  for  long  distances 
through  a  rod  of  copper,  452;  electrical  measurement,  453;  development  of 
magneto-electricity,  456  ;  cost  of  apparatus,  etc.,  necessary,  457,  458. 

Carbon,  effect  on  properties  of  wrought  iron  and  steel,  108,  116,  123. 

Carbonaceous  group  in  Mesozoic  formation  in  Virginia,  244,  245,  252. 

Carbonaceous  slates,  analyses,  448. 

Carboniferous  strata  in  Eastern  Nevada,  345. 

Carbonate  of  iron  in  Mesozoic  formation  in  Virginia,  244,  245,  252. 

Carbonic  acid,  cosmical  origin,  18. 

Carbonite  in  Mesozoic  formation  in  Virginia,  243. 

Caribou  Hill,  Eureka  district,  Nevada,  351. 

Carniola,  manufiicture  of  ferromanganese  at  the  Sava  and  Jauerbnrg  works,  451. 

Caeson,  J.  P.     Iron  manufacture  in  Mexico,  398. 

Car-wheels  of  Salisbury  (Connecticut)  iron,  223. 

Castings,  manufacture  of  iron  castings  in  Mexico,  404,  411. 

Catalan  forges  in  Mexico,  415. 

Catopterus  in  Mesozoic  formation  in  Virginia,  264. 

Caverns  in  dolomitic' limestone,  Eureka  district,  Nevada,  357,  376,  555,  559. 

Cedar  Point  furnace.  Port  Henry,  New  York,  analyses  of  gases,  169,  427. 

Cement  claims  in  hydraulic  mining,  55  ;  saving  of  gold,  57. 

Central  copper  mine,  Lake  Superior,  relics  of  ancient  mining,  281 ;  mining  mass 
copper,  282 ;  men  and  wages,  291  ;  cost  of  mining,  293  ;  man-engine,  294  ;  cost 
of  breaking  and  tramming,  302  ;  cornish  stamps,  306. 

Centrifugal  pump,  Heald  and  Cisco's,  used  for  drainage  of  a  flooded  ore  pit,  174. 

Chain  cables,  tests  for,  124. 

Chalcopyrite,  formulae  for,  532. 

Champion  claim,  Eureka  district,  Nevada,  348,  357. 

Charbon  rous,  manufacture,  201 ;  its  use  in  the  blast  furnaces,  204,  206. 

Charcoal,  methods  of  making  compared,  200  ;  by-products  of  manufocture,  200 ; 
waste  in  meiler  charring,  200 ;  heating  power  of  different  varieties,  202 ;  con- 
sumption for  iron  manufacture,  203 ;  made  in  kilns,  205 ;  imperfectly  jarepared, 
see  red  charcoal,  or  charbon  roux ;  brought  from  Vermont  to  Salisbury  (Con- 
necticut) furnaces,  224 ;  manufacture  in  Mexico,  409. 

Chatfield  iron  ore  bed,  Salisbury,  Connecticut,  221 ;  visit  to  Chatfield  mine,  17. 

Chemistry  of  the  atmosphere,  18. 

Cherry  coal,  properties,  432. 

Cherry  Creek,  Nevada,  silver  district,  345. 

Chesnau  Claim,  Stanislaus  County,  California,  distribution  of  gold  in  the  gravel,  34; 
tailings,  38. 

Chimneys  of  ore,  378,  560.     • 

Chiquilistlan  district,  Mexico,  iron  ores,  405. 

Chlorite  of  Lake  Superior  copper  region,  276. 

Chrome  garnet,  occurrence  with  nickel  ores  at  Orford,  Canada,  211. 

Cinnabar  mine  of  La  Manta,  Mexico,  405. 

Claims  for  mineral  lands,  locations,  384,  392. 

Classification  of  coals,  Frazer,  430  ;  classification  in  Ure's  Dictionary,  430 ;  in  Watt's 
Dictionary  of  Chemistry,  432  ;  Rogers'  chissilication,  432  ;  Johnson's  classitica- 
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tion,  434 ;  ratio  of  volatile  to  fixed  combustible  matter,  435 ;  loss  of  weight  on 
heating,  437 ;  analyses  of  anthracite  and  bituminous  coals,  438-447  ;  carbon- 
aceous slates,  448  ;  varieties  of  coal  arising  from  different  vegetation  and  me- 
chanical treatment,  449 ;  definition  of  anthracite,  semi-anthracite,  semi-bitu- 
minous, and  bituminous  coals,  449. 

Clausthal  ore-dressing  works,  470. 

Clays,  occurrence  of  fire-clays  and  plastic  clays  in  New  Jersey,  177  ;  of  clays  for 
ceramic  purposes  in  Mesozoic  formation  in  Virginia,  273 ;  origin  by  decay  of 
crystalline  rocks,  188,  191  ;  presence  of  titanium  in,  189,  190. 

Clay  shale  of  Eureka  district,  Nevada,  360,  372,  555 ;  analyses,  360. 

Clay  slates  of  York,  Adams,  and  Lancaster  counties,  Pennsylvania,  presence  of  tita- 
nium, 190. 

Cleveland  district,  England,  cost  of  two  blast  furnaces,  520. 

Clepsysaurus,  in  Mesozoic  formation  in  Virginia  and  North  Carolina,  261,  264. 

Cliif  copper  mine.  Lake  Superior,  mining  mass  copper,  282. 

Coal :  see  also  anthracite  and  bituminous  coal ;  analyses,  269,  272,  438-447  ;  ash  of 
coal,  amount  of  limestone  necessary  to  flux,  169  ;  classification  of  coals,  430 ; 
definition  of  coals  based  on  the  ratio  of  the  fixed  carbon  to  volatile  combustible 
matter,  449  ;  coal  dust  used  for  artificial  fuel,  214 ;  loss  on  heating,  experiments 
of  "Wormley  and  McCreath,  437  ;  occurrence  in  Eastern  Nevada,  345,  350 ;  in 
Massachusetts,  224 ;  in  Mexico,  408  ;  in  Mesozoic  formation  in  Virginia,  243, 
254,  255  ;  in  North  Carolina,  261  ;  geological  position  of  the  Virginia  de- 
posits, 262,  263  ;  their  extent  and  value,  266,  268,  270,  274  ;  their  exploitation, 
267,  268  ;  their  composition,  269,  272  ;  their  value  for  gas  generation,  270  ;  pro- 
duction of  Kichmond  coal  basin,  271 ;  varieties  of  coal ;  anthracite,  432 ;  bitu- 
minous, 270,  432  ;  blind,  431  ;  brown,  432 ;  caking,  432  ;  cannel,  431,  432 ; 
cherry,  432 ;  cubical,  430 ;  culm,  432  ;  fibrous,  272 ;  glance,  272,  431 ;  hard, 
432 ;  Kilkenny,  431 ;  lamellar,  272  ;  lignite,  432 ;  malting,  431 ;  Parrot,  432 ; 
rough,  432;  slate  or  splint,  431,  432;  stone,  432;  steam,  432. 

Cobalt,  effect  on  properties  of  iron.  111,  115. 

Coke,  natural  coke  in  Mesozoic  formation  in  Virginia,  244,  264. 

Coking  coal,  272,  432. 

Colorado,  analyses  of  tellurium  minerals  from  Boulder  County,  506. 

CoLTON,  Charles  A.     Results  of  analyses  fjf  blast-furnace  gases,  427. 

Comstock  lode,  character  and  position,  344. 

Concentration  of  ores,  dry  and  wet  systems  compared,  415. 

Condensed  milk  works  of  Gail  Borden,  at  Wassaic,  New  York,  visit  to,  16. 

Conglomerates,  copper-bearing,  on  Lake  Superior,  275,  276  ;  distribution  of  copper, 
277  ;  fifteen  distinct  beds,  277  ;  Calumet  &  Hecla  mine  the  only  paying  mine, 
277 ;  percentage  of  copper,  276,  277,  system  of  mining,  288. 

Conglomerates  in  Mesozoic  formation  in  Virginia,  239,  251. 

Conifers  in  Mesozoic  formation  in  North  Carolina,  261. 

Connecticut,  Salisbury  iron  mines  and  works,  220. 

Construction  account  at  Edgar  Thomson  Steel  Works,  Pittsburgh,  527. 

Contract  mining  on  Lake  Superior,  280,  287. 

Converting  works  of  the  Edgar  Thomson  Steel  Works,  Pittsburgh,  note  upon  cost  of 
construction,  195. 

Cook,  Prof.  George  H.  The  southern  limit  of  the  last  glacial  drift  across  Netv  Jersey 
and  the  adjacent  parts  of  New  York  and  Pennsylvania,  467. 

Copake  iron  works,  visit  to,  16. 

Copper,  barrel-work,  278 ;  deposition  by  electro-chemical  action  in  nature,  276 ;  in 
the  arts,  458  ;  distribution  in  conglomerates  and  amygdaloids  on  Lake  Superior, 
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276,  277  ;  eflect  on  properties  of  wrought  iron,  110,  112  ;  masses  of  copper  and 
method  of  mining  them,  278,  282 ;  occurrence  on  Lake  Superior,  275 ;  percent- 
age in  Lake  Superior  rocks,  276,  277  ;  sheet  copper,  278  ;  stamp-work,  278. 

Copper-bearing  rocks  of  Lake  Superior,  275,  276. 

Copper  by  electricity,  Keith,  258 ;  electromotive  force  necessary,  for  deposition  of 
copper  by  electricity,  459 ;  cost,  460 ;  a  simple  and  cheap  method  for  deposit- 
ing copper  from  solutions,  462. 

Copper  Falls  mine,  Lake  Superior,  system  of  mining,  289. 

Copper  Mining  on  Lake  Superior,  Egleston,  275 ;  the  copper-bearing  rocks,  275 ; 
method  of  occurrence  of  the  copper,  fissure  veins,  275 ;  float  copper,  275 ;  de- 
posited by  electro-chemical  action,  276  ;  percentage  of  copper  in  the  rock,  276 ; 
amygdaloids  and  conglomerates,  276 ;  barrel-work  and  stamp-work,  278  ;  mass 
copper,  278 ;  organization  of  the  mines,  278  ;  contract  work,  280 ;  methods  of 
mining,  ancient  mining,  281 ;  mass  mining,  282  ;  conglomerate  and  amygdaloid 
mining,  288  ;  timbering,  289  ;  blasting,  290  ;  rock  drills,  290 ;  number  of  men 
employed  at  the  Allouez  mine,  291 ;  wages,  per  ton  of  rock,  292  ;  cost  of  mining, 
293  ;  lighting,  294  ;  ladders,  staii'S,  and  man-engines,  294 ;  sorting  and  picking 
the  rock,  294 ;  skips,  295 ;  hoisting,  297  ;  hoisting  expenses,  297 ;  cost  of 
sorting  and  selecting  rock,  299  ;  dressing,  300 ;  method  of  assaying,  301 ;  mine 
railroad  expenses,  302 ;  stamp-mill  expenses,  303 ;  expenses  at  the  Atlantic 
mine,  306 ;  surface  expenses  at  Allouez  mine,  307  ;  miscellaneous  expenses,  308 ; 
total  cost  of  mining  and  milling,  309  ;  Quincy  Mining  Company's  operations  for 
eight  years,  310;  surface  improvements  overdone,  311 ;  dressing  defective,  311. 

Copper  pyrite  in  Mesozoic  formation  in  Virginia,  244. 

Coprolites  in  Mesozoic  formation  in  Virginia,  253. 

Copying  tracings  by  the  "blue"  process,  197. 

Cornucopia,  Nevada,  silver  district,  345. 

Cornwall,  England,  the  great  flat  lode,  381. 

Cortez,  Nevada,  silver  district,  345. 

Cost  of  boilers,  boiler-house,  etc.,  at  the  Edgar  Thomson  Steel  Works,  Pittsburgh,  525. 

Cost  of  iron  ore  mining  in  Mexico,  405-408. 

Cost  of  iron  rails  in  England  in  1866,  524. 

Cost  of  six  regenerative  furnaces  at  the  Edgar  Thomson  Steel  Works,  Pittsburgh,  523. 

(]ost  of  two  blast  furnaces  in  Cleveland  District,  England,  520. 

Council,  report,  3 ;  action  with  regard  to  museum  committee,  13;  with  regard  to 
change  of  rule?,  13;  with  regard  to  system  of  publication,  14. 

Cowper  fire-brick  stoves,  465. 

Cranston,  E..  I.,  coal  and  hematite,  analyses,  226. 

Cretaceous  clays  in  New  Jersey,  177  ;  origin  by  decay  of  crystalline  rocks,  188. 

Crusher,  edgestone  crusher  for  analytical  samples,  518. 

Crushing  rolls  for  ore  at  Clausthal,  478. 

Cubical  coal,  431. 

Culm,  432. 

Cumberland,  R.  I.,  magnetic  iron  ore,  anal3-sis,  226. 

Cycads  in  Mesozoic  formation  in  North  Carolina,  261. 

Cythere  in  Mesozic  formation  in  Virginia,  242,  253,  254,  255,  261,  264,  265. 

Dams  for  hydraulic  mining,  76. 
Dan  River  Mesozoic  deposits,  238. 
Danville  Mesozoic  deposits,  237. 
Danville,  Nevada,  silver  district,  345. 


INDEX.  -  571 

Davis  iron  ore  bed,  Salisbury,  Conn.,  17,  220. 

Decay  of  crystalline  rocks,  178,  188 ;  decay  of  rocks  south  of  glacial  limit  in  New 
Jersey,  469. 

Deep  Creek,  Nevada,  silver  district,  345. 

Delesseite  of  Lake  Superior  copper  region,  276. 

Dewey,  F.  P.     On  "  buckshot "  iron,  499. 

Diamond  drill,  results  obtained  on  Mariposa  Estate,  California,  158;  used  in  ex- 
ploration in  the  Mesozoic  formation  in  Virginia,  252. 

Diamond  Range,  Eastern  Nevada,  350. 

Dictopyge  in  Mesozoic  formation  in  Virginia,  253,  255,  264,  265. 

Discharge  pipes  in  hydraulic  mining,  the  "  Little  Giant,"  74. 

Disintegration  of  crystalline  rocks,  178,  188,  469. 

Ditches  in  hydraulic  mining,  description  of  principal  ditches  in  California,  60-63. 

Dolerite  in  dikes,  in  Mesozoic  formation  in  Virginia,  244,  264. 

Dolomitic  limestone  of  the  Eureka  district,  Nevada  (see  vein  limestone  and  exterior 
or  country  limestone). 

Drainage  by  adits,  550. 

Drainage  of  a  flooded  ore-pit  at  Pine  Grove  Furnace,  Pa.,  174. 

Dressing  Lake  Superior  copper  rock,  300,  311. 

Dressing  ores  at  Clausthal,  470. 

Dressing  ores  in  the  mining  laboratory  of  the  Massachusetts  Listitute  of  Technology, 
512. 

Dressing  ores  by  water  and  air  compared,  415. 

Drift,  glacial,  southern  limit  in  New  Jersey,  467. 

Drown,  T.  M.     Pulverized  zinc  and  its  uses  in  analytical  chemistry,  508. 

Drums,  sizing-drums  used  at  Clausthal,  480. 

Dry  concentration  of  ores  compared  with  wet  concentration,  415. 

Dump,  importance  of  the  dump  in  hydraulic  mining,  38,  41. 

East  Canaan,  Conn.,  furnaces,  17,  222,  223. 

Economy  effected  by  the  use  of  red  charcoal,  Fernow,  199 ;  wasteful  consumption  of 
forests,  199 ;  systems  of  burning  charcoal,  200  ;  by-products,  200 ;  manuflicture 
of  eharbon  roux  or  Rothkohle,  201 ;  experiments  of  Sauvage,  201 ;  heating  effect 
of  ordinary  and  red  charcoal,  202 ;  consumption  of  woodland  for  iron  works, 
203;  blast-furnace  practice  with  imperfectlv  charred  wood,  203;  discussion, 
204. 

Edgar  Thomson  Steel  Works,  Pittsburgh,  cost  of  converting  works,  195  ;  of  regenera- 
tive furnaces,  523 ;  of  boiler-house,  etc.,  525  ;  construction  account,  527. 

Edgestone  crusher  for  analytical  samples,  Richards.  Description  of  apparatus,  effi- 
ciency, and  cost,  518. 

Egleston,  Thomas.     Copper  mining  on  Lake  Superior,  275. 

Election  of  officers,  7. 

Election  of  members  and  associates,  7,  14,  21. 

Electricity,  feasibility  of  conducting  power  long  distances  by  electricity,  452 ;  elec- 
trical measurement,  453  ;  development  of  electricity  by  magnetism,  455 ;  cost 
of  apparatus,  etc.,  for  conducting  electricity  long  distances,  456. 

Electrical  deposition  of  copper  from  solution,  458. 

Elise  claim,  Eureka  district,  Nevada,  559. 

Emmons,  E.,  geological  survey  of  North  Carolina,  26. 

England,  cost  of  blast  furnaces  in  Cleveland  district,  520 ;  cost  of  iron  rails,  524. 

Equiscta  in  Mesozoic  formation  in  Virginia,  242,  254,  261,  264,  265. 
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Ernst  August  tunnel,  Clausthal,  472. 

Eruptive  rocks  in  Mesozoic  formation,  244,  250,  262,  263,  264. 

Esmaralda  County,  Nevada,  silver  district,  344. 

Estheria  in  Mesozoic  formation  in  Virginia,  242,  253,  254,  255,  263,  264,  265. 

Euphotide  in  Mesozoic  formation  in  Virginia,  244. 

Eureka,  Nevada,  position,  settlement,  and  growth,  346,  347. 

Eureka  Consolidated  Company,  of  Eureka,  Eastern  Nevada,  organization  in  July, 
1870,  348 ;  claims,  352,  354 ;  suit  against  the  Eichmond  Mining  Company  of 
Nevada,  371,  560. 

Eureka  lode  of  Eureka,  Eastern  Nevada,  Keyes,  344 ;  geographical  position,  344 ; 
the  Great  Basin,  344 ;  mining  districts,  344,  345 ;  carboniferous  strata,  345 ; 
topography  and  geology,  345 ;  climate,  industries,  and  rain-fail,  346 ;  popula- 
tion of  Great  Basin,  346 ;  Eureka,  its  position  and  settlement,  346 ;  history  of 
Eureka  mining  district,  347 ;  Ruby  Hill,  348 ;  mining  laws,  349 ;  general 
geology  of  the  district,  350 ;  geology  of  Euby  Hill,  352  ;  the  quartzite,  353 ; 
vein  limestone,  354,  356  ;  clay  shale,  360  ;  exterior  or  country  limestone,  361 ; 
ores  and  ore-bodies,  365 ;  Potts's  Chamber,  368 ;  ore  stains,  369 ;  use  of  term 
lode  or  vein,  370. 

Eureka,  Nevada,  silver-mining  district,  345;  sketch  of  discovery  and  development, 
347,  354 ;  geology,  350,  555. 

Eureka-Richmond  Case,  Eaymond,  371 ;  theory  of  the  formation  of  the  Ruby  Hill 
deposit,  374 ;  unity  of  the  deposit,  380 ;  veins,  lodes,  ledges,  meaning  and  use 
of  terms,  380 ;  force  of  United  States  patent,  383 ;  location  of  claims,  384 ; 
force  of  boundary  fixed  by  agreement,  390 ;  decision  of  the  Court,  392. 

EuSTis,  W.  E.  C.     The  nickel  ores  of  Orford,  Quebec,  Canada,  209. 

Excursions,  Wilkes-Barre  meeting,  5,  6 ;  of  the  Amenia  meeting,  16. 

Exterior  or  country  limestone  of  Ruby  Hill,  Eureka,  Nevada,  361,  373,  558 ; 
chemical  analyses,  361,  362  ;  miscroscopical  analyses,  362. 

Farmville,  Va.,  Mesozoic  deposits,  233. 

Feldspar  in  Mesozoic  formation  in  Virginia,  252 ;  in  New  Jersey,  177,  183. 

Fernow,  B.     The  economy  effected  by  the  wse  of  red  charcoal,  199. 

Ferns  in  Mesozoic  formation  in  North  Carolina,  261. 

Ferromanganese,  conditions  of  production  in  the  blast  furnace,  193 ;  manufacture 
in  Austria,  451 ;  at  the  St.  Louis  furnaces,  France,  192,  452 ;  use  in  the  Besse- 
mer process,  193. 

Fire-brick  stoves  for  blast  furnaces,  Hartman,  463  ;  advantage  of  fire-brick  over  pipe 
stoves,  463 ;  proper  size,  464 ;  the  Siemens-Cowper-Cochrane  stove,  465 ;  con- 
struction, 465  ;  cleaning,  466  ;  cost,  467  ;  saving  of  fuel,  467. 

Fire-clay  in  Mesozoic  formation  in  Virginia,  253,  273. 

Fire-clays  and  associate  plastic  clays,  kaolins,  feldspar,  and  fire-sands  of  New  Jersey, 
Smock,  177 ;  geological  position,  177  ;  origin,  178 ;  geographical  situation, 
178 ;  Raritan  potters'  clay  bed,  180 ;  Woodbridge  fire-clay  bed,  181 ;  South 
Amboy  fire-clay  bed,  182,  183,  184 ;  occurrence  on  the  Delaware  River,  186, 
187. 

Fish  Creek  Valley,  Eastern  Nevada,  350. 

Fish-scales  in  Mesozoic  formation  in  Virginia,  254,  255,  261,  264. 

Flooded  ore  pit,  at  Pine  Grove  Furnace,  Pa.,  drainage  of,  174. 

Florence,  N.  J.,  clay,  186. 

Flumes  in  hydraulic  mining,  64. 
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Fluxing  silicious  iron  ores,  Witherbee,  164;  causes  of  excess  of  silicon  in  pig  iron, 

166;  experience  at  Cedar  Point  furnace,  167;  proper  relation  between  silica, 

and  lime  and  magnesia,  168;  gas  analyses,  169. 
Forbes  iron  ore  bed,  Salisbury,  Conn.,  221. 
Forests,  preservation  in  the  United  States,  legislative  interference,  199,  205,  206 ; 

economical  utilization,  199 ;  wasteful  destruction,  199,  204 ;  consumption  for 

iron  manufacture,  203,  204. 
Forge  ;  first  forge  built  in  Connecticut,  221. 
Formulse  for  minerals,  532. 

Foundry ;  first  foundry  built  in  Connecticut,  222. 
France ;  manufacture  of  ferromanganese  at  the  St.  Louis  furnaces,  near  Marseilles, 

192,  452;  at  Terrenoire,  452. 
Franklin  co^sper  mine  and  mill.  Lake  Superior,  copper  replacing  chlorite,  276; 

water  pumped  from  the  lake,  301. 
Feazer,  Persifor,  Jr.    Classification  of  coals,  430;  Missing  ores  of  iron,  531. 
Frazier,  B.  W.     The  mechanical  work  performed  in  heating  the  blast,  313. 
Freiberg,  Saxony;    Eothschonberger  Stollen,  its  inception,  completion,  and  cost, 

452 ;  decrease  in  efficiency  of  workmen,  545 ;  machine  drills  claimed  to  be  a 

Freiberg  invention,  549  ;  use  in  refractory  gneiss,  546. 
French  corral  hydraulic  mine,  working  of  sluices,  55. 
French  Hill  claim,  Stanislaus  County,  California,  distribution  of  gold  in  the  gravel, 

34 ;  tailing  in  the  Tuolumne  River,  39. 
Fuel,  Loiseau's  artificial  fuel,  manufactured  at  Port  Richmond,  Philadelphia,  214. 
Furnace  gases,  analyses  by  the  Orsat  apparatus,  169,  427. 

Furnaces,  cost  of  six  regenerative  furnaces  at  the  Edgar  Thomson  Steel  Works,  Pitts- 
burgh, 523. 

Gardner's  Point  hydraulic  claims,  loss  of  gold  working  tailings,  distribution  of  gold 

in  sluices,  50. 
Gas  coals,  270,  433. 

Gases  of  blast  furnace,  analyses  by  the  Orsat  apparatus,  169,  427. 
Gauge,  report  on  a  standard  wire  gauge,  500. 
Geological  section  of  Goderich  salt  deposit,  132. 

Geological  section  of  Mesozoic  formation  at  Midlothian,  Virginia,  256. 
Geological  survey  of  North  Carolina,  261. 
Geological  survey  of  Virginia,  228,  251. 
Glacial  drift,  southern  limit  in  New  Jersey,  467. 
Glance  coal,  272,  431. 

Gneiss,  disintegration  and  formation  of  kaolin,  188. 
Gneiss,  Freiberg,  Saxony,  546. 
Goderich,  Canada,  salt  deposit,  125;  geological  section,  132;   projected  plant  for 

mine,  138 ;  shaft  sinking,  139. 
Gothite  and  other  hydrated  iron  oxides,  new  classification,  536,  541. 
Gold,  discovery  in  Brazil  in  grass  roots,  33 ;  occurrence  in  coal  measures  in  New 

South  Wales,  33 ;  hydraulic  mining,  27  ;  occurrence  in  gravel  deposits,  30,  35, 

36 ;  statistics  of  yield  of  gravel,  93  ;  in  Eureka,  Nevada,  ores,  559. 
Gold  placers  of  California,  28. 

Gold  regions  of  California,  27,  29  ;  of  Japan  and  Russia,  96,  97. 
Gold  washings,  records  of,  36. 
Goodwin  Caiion,  Eastern  Nevada,  350. 
Granite  at  base  of  Mesozoic  formation  in  Virginia,  252. 
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Graphic  method  of  keeping  the  record  of  working  of  a  hktst  furnace,  Kent,  551. 

Gravel  deposits,  distribution  of  gold  in,  30,  35,  36 ;  statistics  of  yield,  93. 

Great  Basin,  geographical  position,  344  ;  population,  346. 

Great  flat  lode  of  Cornwall,  England,  character  of,  381. 

Great  Salt  Lake,  Utah,  less  salt  than  formerly,  346. 

Greenstone  of  Lake  Superior  copper  region,  275. 

Greenstone  of  the  Mariposa  Estate,  California,  162. 

Grizzly  in  sluices  used  in  hydraulic  mining,  45,  51. 

Guenyveau  on  the  use  of  semi-carbonized  wood  in  the  blast  furnace,  207. 

Gypsum  in  Mesozoic  formation  in  Virginia,  244,  266. 

Hamburg  Company,  Eureka  district,  Nevada,  348,  555. 

Hard  coal,  432. 

Hartman  John  M.    Notes  on  fire-brick  stoves  for  blastfurnaces,  463. 

Heald  &  Cisco's  centrifugal  pump  used  for  the  drainage  of  a  flooded  ore  pit,  174. 

Heating  (regenerative)  furnaces  at  the  Edgar  Tiiomson  Steel  Works,  Pittsburgh, 
cost,  223. 

Heinrich  Oswald  J.  The  Manhattan  salt  mine  at  Goderich,  Canada,  125;  2'he 
Mesozoic  formation  inVirgiiiia,  227. 

Hematite  iron  ore  at  Cranston,  Rliode  Island,  227  ;  in  Mexico,  404,  408. 

Hematite  ore  mining  at  Manhattan  mine,  Sharon  Station,  New  York ;  percentage 
of  the  difl^erent  expense  accounts,  172. 

Hoisting  expenses  at  the  Allouez  copper  mine.  Lake  Superior,  297. 

Holley,  Gov.  A.  H.  Oldening  address  at  the  Amenla  meeting,  10 ;  hospitality  at 
Lakeville,  17. 

Holley  A.,  The  strength  of  wrought  iron  as  affected  by  its  chemical  composition,  and  by 
its  reduction  in  rolling,  101  ;  Notes  on  the  Salisbury,  Connecticut,  iron  mines  and 
ivorks,  220 ;  Notes  on  the  iron  ore  and  anthracite  coal  of  Rhode  Island  and  Massa- 
chusetts, 224;  remai-ks  on  ferromanganese,  193. 

Holley  Manufocturing  Company,  visit  to  cutlery  works,  17. 

Hoosac  mine.  Eureka  district,  Nevada,  351. 

Hudson  Iron  Company's  mines,  visit  to,  17. 

Humboldt  County,  Nevada,  silver  district,  344. 

Hunt  Dr.  T.  Sterry.  Introductory  remarks  at  the  Philadelphia  meeting,  18 ; 
remarks  on  nickel  deposit  of  Orford,  Canada,  213;  remarks  on  origin  of 
clays,  188. 

Hurdy-gurdy  wheel  used  in  Hydraulic  mining,  88. 

Hydrated  oxides  of  iron,  classification,  Frazer,  534. 

Hydrogenous  or  gas  coals,  432. 

Hydraulic  mining  in  California,  Bowie,  27  ;  topography  of  gold  regions,  27  ;  dis- 
covery of  the  gravel  deposits,  28 ;  gold-bearing  deposits,  29 ;  distribution  of 
gold  in  gravel  deposits,  30  ;  investigations  at  North  Bloomfield,  35  ;  at  Patricks- 
ville,  36  ;  sand  strata,  36 ;  records  of  gold  washing,  36  ;  introduction  of  hy- 
draulic mining,  37;  definition,  38;  the  dump,  38;  tailing  into  streams,  39; 
preliminary  work,  40;  tunnels,  41;  timbering  of  the  shaft,  44;  fii-st  washing 
through  the  shaft,  44;  the  grade,  45;  sluices,  46;  riflles,  47;  charging  the 
sluices,  48 ;  loss  of  quicksilver,  49  ;  loss  of  gold,  49  ;  working  tailings  at  Gard- 
ner's Point,  50 ;  distribution  of  gokl  in  the  sluices,  50 ;  distribution  of  gold  in  tail 
sluices,  51 ;  arrangement  of  tail  sluices  and  undercurrents,  52 ;  cement  claims,  55 ; 
the  saving  of  gold  from  cement  gravel,  57 ;  saving  of  fine  gold,  58  ;  measurement 
of  water,   58 ;  ditches,   60 ;    general  observations  on   ditches,  63 ;  flumes,  64 ; 
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wrought-iron  pipes,  66  ;  discliarge  pipes,  74 ;  storage  reservoirs,  75  ;  dams,  76  ; 
hydraulic  washing,  84  ;  high  banks,  84;  continuous  work,  85  ;  blasting,  85 ;  der- 
ricks, 88;  hurdy-gurdy  wheel,  88;  statistics  of  yield  of  gravel  field,  93;  yield  of 
Japanese  gold  fields,  96 ;  yield  of  Russian  gold  fields  in  1874,  97  ;  relative 
yield  of  hydraulic  claims,  97  ;  tabular  statements  of  yield,  work,  cost,  etc.,  98. 

Igneous  rocks  in  Mesozoic  formation  in  Virginia,  244,  250,  262,  263. 

Indian  manufacture  in  Mexico  of  fire-brick,  401 ;  of  charcoal,  409;  of  iron,  415. 

Institute  of  Technology,  Boston,  the  mining  laboratory,  510. 

Iron :  buckshot  iron,  composition,  499 ;  cost  of  production  in  Mexico,  409,  414 ; 
eflfect  of  chemical  composition  and  reduction  by  rolling  on  strength,  welding, 
etc.,  101,  112;  results  of  experiments  of  United  States  Test  Board  on  the  prop- 
erties of  wrought  iron,  101  ;  Mexican  test  of  ^yrought  iron,  413  ;  superior  quality 
of  Salisbury,  Connecticut,  iron,  223 ;  use  of  red  charcoal  in  the  blast  furnace,  203. 

Iron  castings  in  Mexico,  404,  411. 

Irondale,  New  York,  visit  to  furnace  of  the  Middleton  Iron  Company,  16. 

Iron  manufacture  in  Mexico,  Carson,  398  :  Tula  iron  works,  398  ;  description  of  the 
old  works,  399  ;  of  the  new  works,  400 ;  fire-stone  and  fire-brick,  401 ;  bar  mill, 
402  ;  foundry,  403  ;  tools,  404  ;  ore  supply,  404 ;  method  of  mining  and  trans- 
portation of  ore,  405,  408  ;  district  of  Tula,  404 ;  Amole  mine,  404 ;  district  of 
Chiquilistlan,  405;  Tacotes  mine,  406;  La  Mora  mine,  407  ;  Las  Animas  mine 
408  ;  coal,  408  ;  limestone,  408  ;  wood  and  charcoal,  409  ;  cost  of  pig  iron,  bar 
iron,  and  billets,  409,  411 ;  puddling,  411 ,  cost  of  castings,  413  ;  production  of 
works,  413 ;  market,  414  ;  Catalan  forges,  415. 

Iron  manufacture  in  Rhode  Island,  estimated  cost,  227. 

Iron  manufacture  of  Salisbury,  Connecticut,  11,  17,  220. 

Iron  mines  and  works  of  Salisbury,  Connecticut,  11,  17,  220. 

Iron  ore  and  anthracite  coal  of  Rhode  Island  and  Massachusetts,  Holley,  224 :  size 
of  coal  field,  224  ;  character  of  coal  basin  and  of  coal,  225 ;  coal  used  for  cop- 
per smelting,  225 ;  analyses,  225,  226 ;  magnetic  ore  at  Cumberland,  analyses, 
226  ;  hematites  at  Cranston,  226 ;  analysis,  227 ;  early  history  of  iron-making 
in  Rhode  Island,  227 ;  estimated  cost  of  iron-making,  227. 

Iron  ores  in  Mexico,  404,  408 ;  in  Salisbury,  Connecticut,  220. 

Iron  ore  mining  at  Manhattan  mine,  Sharon  Station,  New  York,  172 ;  in  Mexico, 
405-408. 

Iron  oxide,  direct  reduction  by  means  of  metallic  zinc,  509. 

Iron  oxides,  hydrated,  new  classification,  534. 

Iron  rails,  cost  in  England  in  1866,  524. 

Iron  pyrites  in  Mesozoic  formation  in  Virginia,  244,  274. 

Iron  works  in  Mexico,  398. 

Iron  works  in  Connecticut,  11,  17,  220. 

Italian  laborers  in  Rothschonberger  adit  at  Freiberg,  Saxony,  547. 

Jackson  Mining  Company,  Eureka,  Nevada,  348,  352,  374,  375,  555 ;  cavern,  358  ; 

bonanza,  367. 
James  River  Mesozoic  deposits  in  Virginia,  237. 
Japan,  yield  of  gold  in  gravel,  96. 

Jennings,  E.  P.     Analyses  of  some  tellurium  minerals,  506. 
Jet  pumps  for  chemical  and  physical  laburatories,  Richards,  492  :  used  either  as  an 

air  pump  or  a  blower,  493 ;  experiment  to  determine  condition  of  efficient  work- 

ing,  494. 
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Jigs  used  at  Clansthal,  484,  489. 

John  Jay  mine,  Colorado,  analyses  of  tellurium  minerals  from,  506. 

.Johnson's  classification  of  coals,  434. 

Kaolin  in  New  Jersey,  177,  184,  186. 

Keith,  N.  S.     Can  we  transmit  power  in  large  amount  by  electricity  f  452  ;  Copper  by 

electricity,  458. 
K.  K.  Company,  Eureka,  Nevada,  348,  349,  352,  554 ;  caverns,  358  ;  cross  fissures 

in  limestone,  358. 
Kent,  William.     The  use  of  red  charcoal  in  the  blast  furnace,  207  ;   Graphic  method 

of  keeping  the  record  of  ivorking  of  a  blast  furnace,  551. 
Keweenaw  copper  district.  Lake  Superior,  281. 
Kilkenny  coal,  431. 
Krom's  system  of  dry  concentration  compared  with  water  concentration,  415. 

Laboratory,  mining,  of  the  Massachusetts  Institute  of  Technology,  510. 

Ladders  in  Lake  Superior  copper  mines,  294. 

La  Grange  Hydraulic  Company's  mines,  39  ;  tailing  into  the  Tuolumne  River,  39  ; 

miner's  inch  of  water,  59  ;  ditch,  60,  62  ;  tabular  statement  of  yield  of  gold, 

with  work,  cost,  etc.,  98. 
Lake  Superior  copper  mining  ;  see  Cojiper  mining. 
Lake  Superior  blast-furnace  practice,  use  of  imperfectly  charred  wood,  203,  205, 

206,  208. 
Lakeville,  Connecticut,  site  of  forge  in  1748,  222. 
La  Manta  cinnabar  mine,  Mexico,  405. 
La  Mora  iron  ore  mine,  Mexico,  407. 
Lander  County,  Nevada,  division  of,  347. 
Late  operations  on  the   Mariposa  Estate,   California,  EoLKER,    145 :   grant  by  the 

Mexican  Government,  145 ;  purchased  by  General  J.  C.  Fremont,  145 ;  history 

of  workings,  145  ;  the  River  Tunnel,  origin,  145  ;  rocks  encountered,  147,  160  ; 

method  of  blasting,  155;  use  of  the  diamond  drill  for  exploring,  157  ;  geology, 

157  ;  the  "  greenstone"  held  to  be  metamorphic  schists,  162. 
Lead-silver  ores  of  Eureka  district,  Nevada,  365,  376,  558. 
Ledge,  lode  and  vein  of  ore,  use  and  meaning  of  terms,  370,  380,  381,  383,  560- 

563. 
Ledges,  mining  locations  on,  350,  563. 
Leet  hematite  mines,  visit  to,  17. 

Lehigh  coal,  amount  of  limestone  necessary  to  flux  the  ash  of,  169. 
Lewis,  J.  F.     Memorandum  showing  the  percentage  of  the  different  expense  accounts  in 

mining  hematite  ore  at  the  Manhattan  mine,  Sharon  Station,  New  York,  172. 
Lighting  copper  mines  on  Lake  Superior,  294. 
Lignhe,  431 ;  in  New  Jersey  clay,  181,  185. 
Lime  Rock,  Connecticut,  furnace,  221  ;  site  of  first  forge  in  Salisbury  district,  221  ; 

first  foundry,  222. 
Limestone,  amount  necessary  to  flux  ash  of  Lehigh  coal,  169 ;  occurrence  in  Meso- 

zoic  formation  in  Virginia,  245,  251,  253  ;  in  Mexico,  408  ;  limestone  used  in 

blowing  out,  169. 
Limestone,  dolomitic,  of  Eureka,  Nevada,  see  Vein  limestone  and  country  or  exterior 

limestone. 
Limonite  and  other  hydrated  iron  oxides,  new  classification,  536,  540. 
Libethenite  in  Mesozoic  formation  in  Virginia,  244. 
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Litigation  of  Eureka  and  Richmond  mining  companies,  371,  560. 

"  Little  Giant"  discharge  pipe  for  hydraulic  mining,  74. 

Lizette  tunnel,  Eichmond  mine,  Eureka,  Nevada,  358,  359. 

Location  of  mineral  claims,  384. 

Lode,  vein,  and  ledge  of  ore,  use  and  meaning  of  terms,  370,  380,  381,  383,  560-563. 

LoiSEAU,  E.  F.    The  manufacture  of  artificial  fuel  at  Port  Richmond,  Philadelphia,  214. 

Lower  calciferous  grouj)  in  Mesozoic  formation  in  Virginia,  253,  257,  261. 

Lower  sandstone  group  in  Mesozoic  formation  in  Virginia,  252,  256. 

Lycopodiacetz  in  Mesozoic  formation  in  North  Carolina,  261,  264. 

Machine  drills,  when  and  where  invented,  549.  See  also  Burleigh  and  Winchester 
drills. 

Magnetic  iron  ore ;  occurrence  at  Cumberland,  Rhode  Island,  226  ;  presence  of 
titanium  in  ore  from  Church  mine,  New  Jersey,  189. 

Magnetic  pyrites,  rational  formula,  538. 

Malachite  in  Mesozoic  formation  in  Virginia,  244. 

Malting  coal,  431. 

Mammoth  claim,  Eastern  Nevada,  348. 

Man-engines  in  the  Lake  Superior  copper  mines,  294. 

Manganese,  effect  on  steel,  110,  193. 

Manganese  pig,  Raymond,  manufacture  of  ferromanganese  at  the  St.  Louis  fur- 
naces, near  Marseilles,  France,  192. 

Manhattan  hematite  mine,  percentage  of  different  expense  accounts  in  mining 
ore,  172  ;  visit  to,  16. 

Manhattan  salt  mine,  at  Goderich,  Canada,  Heinrich,  method  of  preparing  market- 
able salt,  125;  economical  conditions  of  success,  125;  statistics  of  salt  produc- 
tion and  consumption  in  diflTerent  countries,  127  ;  the  commercial  situation  of 
Goderich,  131;  geological  section  of  the  deposit,  132;  extent  and  economical 
relations  of  the  deposit,  134 ;  description  of  the  proposed  plant  for  the  new 
mine,  138  ;  method  of  sinking  the  shaft,  139. 

Manufacture  of  artificial  fuel  at  Port  Bichmond,  Philadelphia,  Loiseatj,  214  ;  sketch 
of  processes  in  Europe  and  America,  214,  215 ;  small  production,  215 ;  causes 
of  failure,  215;  description  of  machine,  and  method  of  working,  216;  drying 
oven,  217  ;  water-proofing  process,  219. 

Manufacture  of  ferromanganese  in  the  blastfurnace,  Valton,  development  of  the  ferro- 
manganese out  of  the  spiegeleisen  manufacture  in  Europe  from  1870  to  1875,  451. 

Manzanita  hydraulic  mine,  working  of  sluices,  56. 

Marcasite  in  Mesozoic  formation  in  Virginia,  244. 

Marcelina  claim.  Eureka  district,  Nevada,  349. 

Mariposa  Estate,  California,  late  operations  on,  145. 

Marls  in  Mesozoic  formation  in  North  Carolina,  261 . 

Massachusetts  anthracite  coal,  225. 

Massachusetts  Institute  of  Technology,  Boston  ;  the  mining  laboratory,  510. 

Mass  copper.  Lake  Superior,  276,  278;  methods  of  mining,  282;  contract  work,  287 ; 
men  and  wages  at  Central  mine,  291. 

Mazeline  and  Couillard  machine  for  artificial  fuel,  215. 

Measurement  of  water  in  hydraulic  mining ;  miner's  inch,  158. 

Mechanical  work  performed  in  heating  the  blast,  Frazier. 

Meeting  at  Amenia,  New  York,  10  ;  at  Philadelphia,  18  ;  at  Wilkes-Barre,  Pennsyl- 
vania, 3. 

Meineke's  classifying  apparatus  at  Clausthal,  483. 

Meluphyres  of  Lake  Superior  copper  region,  275. 
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Melting  spiegeleisen  for  Bessemer  process,  19-1. 

Members  and  associates  elected,  7,  14,  21. 

Membership  of  the  Institute,  3. 

Memoranda  showing  the  percentage  of  the  different  expense  accounts  in  mining  hematite 
ore  at  the  Manhattan  mine,  Sharon  Statioyi,  Neic  York,  Lewis,  172. 

Memorandum  relating  to  the  boiler  account  as  kept  during  the  construction  of  the  Edgar 
Thomson  Steel  Works,  Pittsburgh,  Pennsylvania,  Barnes,  525. 

Mesozoic  formation  in  North  Carolina,  261. 

Mesozoic  formation  in  Virginia,  IIeixricu,  227 :  Geographical  distribution,  228 ; 
Petersburg  deposits,  229  ;  Taylorsville,  229  ;  Springfield,  230  ;  Eichmond,  230  ; 
Aquia,  232 ;  Farmville,  233 ;  Potomac,  235 ;  Barboursville,  236 ;  James  River, 
237  ;  Danville,  237 ;  Dan  River,  238  ;  description  of  tlie  rocks,  239 ;  conglome- 
rates, 239  ;  sandstones,  240  ;  psephites,  240  ;  psammites,  241 ;  slates  and  shales, 
242  ;  limestones,  243 ;  coals,  243  ;  physical  characters  of  the  coals,  243 ;  carbon- 
ite,  243 ;  natural  coke,  244 ;  igneous  rocks,  244 ;  accessory  minerals,  244  ;  gyp- 
sum, 244  ;  iron  pyrites,  244 ;  carbonate  of  iron,  245  ;  geological  and  stratigraphi- 
cal  characters  of  the  formation,  245 ;  boulder  formation,  252 ;  lower  sandstone 
group,  252 ;  lower  calciferous  group,  253  ;  carbonaceous  group,  253 ;  oleiferous 
group,  254 ;  upper  calciferous  group,  255  ;  upper  sandstone  group,  255 ;  section  of 
rocks,  256 ;  fossil  remains,  264 ;  economical  products  of  the  formation,  266  ; 
coal,  266  ;  fire-clay  and  shale,  273 ;  sandstone,  273 ;  bituminous  shales,  273. 

Mexican  iron  castings,  404,  411. 

Mexican  puddling,  411. 

Mexican  test  of  wrought  iron,  413. 

Mexico,  iron  manufacture,  398 ;  Tula  iron  works,  398  ;  rainy  and  dry  season,  399  ; 
fire-stone  and  fire-brick,  401 ;  iron  ores,  404,  408 ;  copper,  silver,  lead,  tin,  and 
graphite,  405  ;  coal,  408  ;  limestone,  408 ;  wood  and  charcoal,  409  ;  cost  of  pro- 
duction of  pig  and  bar  iron,  409,  411 ;  cheap  labor,  414;  Catalan  forges,  415. 

Mezger,  Adolph,  his  contract  to  complete  the  Rothschonberger  Stollen,  546. 

Micrometer  gauge  for  wire,  504. 

Middlesex  County,  New  Jersey,  clay  district,  178. 

Midlothian  coal  mine,  Virginia,  section  of  Mesozoic  rocks,  256,  265. 

Millerite,  occurrence  at  Orford,  Canada,  210,  211. 

Millerton,  New  York,  visit  to  the  Pho?nix  furnace,  17. 

Milling  rocks  at  Lake  Superior  copper  mines,  expenses,  303,  305. 

Milton  Mining  and  Water  Company,  working  of  sluices  at  Manzanita  mine,  06 ; 
ditches,  60 ;  flume,  65 ;  storage  reservoirs,  75  ;  dams,  76. 

Minerals,  formulae  for,  532. 

Mineral  vein,  lode,  or  ledge,  use  of  terms,  370,  380,  381,  383,  560-563. 

Miners:  copper  miners  on  Lake  Superior,  279;  work  by  contract,  280,  287. 

Miner's  inch  of  water,  58,  59 ;  experiments  at  Columbia  Hill  to  determine  the 
value,  59. 

Mine  skip  at  Lake  Superior  copper  mines,  295. 

Mining  copper  on  Lake  Superior.     See  Copper  mining. 

Mining  hematite  ore  at  Manhaitan  mine.  New  York,  172. 

Mining  iron  ores  in  Mexico,  405,  408. 

Mining  laboratory,  Richards.  Methods  and  aims  of  the  laboratory,  510 ;  examples  of 
work  done  by  students,  511 ;  advantages  to  the  student  of  having  a  part  of  his  prac- 
tical work  in  tlie  curriculum  of  the  school,  514  ;  advantage  to  works  and  mines, 
514,  515;  degree  of  accuracy  of  working  ores  on  a  small  scale  comiuired  with 
the  large  scale,  515 ;  results  of  work  in  the  laboratory,  516. 


INDEX.  579 

Mining  laws  (Nevada),  349,  383. 

Mining  locations,  349,  350,  383. 

Mining  schools,  practical  work  in,  510. 

Minnesota  copper  mine,  Lake  Superior,  relics  of  ancient  raining,  281  ;  raining  mass 
copper,  282,  286,  287  ;  system  of  raining,  289  ;  timbering,  289. 

3£iss{ng  ores  of  iron,  Frazee,  531 ;  discussion  of  the  hydrated  oxides  of  iron,  531 ; 
water  of  crystallization  and  constitution,  531 ;  segregation  of  molecules  from 
solution,  531 ;  older  compound  formulae  for  minerals,  532 ;  rational  formulae, 
534 ;  liydrated  oxides  of  iron  conceived  to  have  basic  water  rather  than  water 
of  crystallization,  534 ;  tabulated  in  monatomic  to  heptatomic  series,  536 ;  pos- 
sibility of  existence  of  a  higher  oxide  of  iron  in  iron  ores,  536 ;  graphic  rep- 
resentation of  iron  oxides,  538  ;  analogy  of  the  liydrated  iron  oxides  with  the 
ortho-  and  pyrophosphates,  541. 

Molybdate  of  lead  in  Eureka  mines,  559. 

Montalban  gneiss,  disintegration  and  kaolinization,  188. 

Morey,  Nevada,  silver  district,  345. 

Morro  County,  Nevada,  silver  district,  344. 

Mortimer  mine,  Eureka  district,  Nevada,  352. 

Mount  Kiga,  N.  Y.,  iron  ore,  221 ;  forge,  222. 

Mount  Washington  and  Everett,  excursion  to,  16. 

Museum  committee,  resolution  concerning,  13;  communication  from,  21. 

National  copper  mine.  Lake  Superior,  mining  raass  copper,  282,  284. 

Native  tellurium  from  Colorado,  analysis,  506. 

Natural  coke,  in  Mesozoic  formation  in  Virginia,  244,  265. 

Nevada,  geographical  position,  344,  354 ;  the  Eureka  silver  district,  see  papei-s  on 
the  Eureka  Lode,  Eureka-Eichmond  case,  What  is  a  pipe  vein  ?  and  the  Ore 
deposits  of  Eureka,  Eastern  Nevada. 

Nevada  County,  Cal.,  tunnels  for  hydraulic  mining,  42. 

Newark  Valley,  Eastern  Nevada,  350. 

New  Jersey,  clays,  177 ;  presence  of  titanium  in  magnetic  ore  from  Church  mine, 
189 ;  southern  limit  of  last  glacial  drift,  407  ;  decomposition  of  rocks,  188,  469. 

Nevj  method  of  taking  blast-furnace  sectioiu,  Witherbee,  1 70. 

New  works  at  Clausthal  for  dressing  ores,  Eaxdolph,  470  ;  gradual  growth  of  the  old 
works,  471 ;  site  and  general  arrangement  of  the  new  works,  471 ;  Ernst  August 
tunnel,  472 ;  water  supply  for  the  works,  474 ;  method  of  dressing,  475  ;  dress- 
ing machinery,  478 ;  rock-breakers,  478  ;  crushing  rolls,  478 ;  stamps,  479 ; 
Eittinger's  stausatz,  479  ;  sizing  and  classifying  apparatus,  480 ;  Eittinger's 
spitzka.sten,  483  ;  jigs,  484  ;  buddies  and  tables,  488  ;  economical  results  of  the 
dressing,  490. 

New  York  Caiion,  Nevada,  mining  locations,  347-351 ;  trilobites  in  limestone,  352. 

New  York,  hematite  ore  mining  at  Manhattan  mine,  Sharon  Station,  172. 

Nickel ;  eflect  on  properties  of  wrought  iron,  111,  115  ;  general  diflusion  in  magnesian 
rocks  of  the  Quebec  group,  209. 

Nickel  ores  of  Orford,  Quebec,  Canada,  EusTis,  209;  analysis  of  the  vein,  211 ;  analy- 
sis of  the  pyroxene,  211 ;  occurrence  of  chrome  garnet,  calcite,  and  millerite, 
210,  211  ;  metallurgical  treatment  of  the  ore,  212;  geology  of  the  deposit,  213. 

Nonesuch  copper  mine.  Lake  Superior,  277  ;  cost  of  mining,  293. 

Note  upon  the  ^'blue"  process  of  copying  tracings,  Barnes,  297. 

Note  upon  the  cost  of  construction  of  the  converting  ivorks  of  the  Edgar  Thomson  Steel 
Works  of  Pittsburgh,  Barnes,  195. 
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Note  upon  the  cost  of  two  blast  furnaces  in  the  Cleveland  district  of  England,  Barnes, 
520. 

Note  upon  the  cost  of  six  regenerative  furnaces  built  in  1875  at  the  Edgar  Thomson  Steel 
Works  of  Pittsburgh,  Barnes,  523. 

Note  upon  the  cost  of  iron  rails  as  made  in  1866  in  a  leading  English  railway  company's 
rolling  mill,  Barnes,  524. 

Note  upon  the  drainage  of  a  flooded  ore-pit  at  Pine  Grove  Furnace,  Pa.,  Birkinbine, 
174. 

North  Bloomfield  Gravel  Mining  Company;  investigations  into  the  comparative 
values  of  tlie  difTerent  gravel  strata,  35 ;  preliminary  work,  40 ;  loss  of  quick- 
silver, 49  ;  distribution  of  gold  in  the  sluices,  51  ;  in  the  tail  sluices,  51 ;  miner's 
inch  of  water,  59  ;  ditcli,  60 ;  storage  reservoirs,  75 ;  the  Bowman  reservoir  and 
dams,  78 ;  hurdy-gurdy  wheel,  88 ;  tabular  statement  of  yield,  work,  cost,  etc., 
99. 

North  Carolina,  Mesozoic  formation,  26. 

Officers  elected,  7. 

Oil  in  Mesozoic  formation  in  Virginia,  241,  253,  254,  258,  260,  263. 

Oleiferous  group  in  Mesozoic  formation  in  Virginia,  254,  258,  260,  263,  266. 

Old  Hill  iron-ore  bed,  Salisbury,  Conn.,  220. 

Oliver's  powder  works,  visit  to,  5. 

Ontanagon  copper  district.  Lake  Superior,  281,  282. 

Ore-bodies  in  Eureka  district,  Nevada,  365,  377,  557. 

Ore-chimneys,  378,  560. 

Ore-deposits  of  Eureka  district,  Eastern  Nevada,  Blake,  554 ;  production  of  bullion, 
554 ;  principal  mines,  555 ;  topography,  555 ;  geology,  555 ;  theory  of  rock 
formation,  556 ;  character  of  ore-deposits,  557 ;  caverns  and  bonanzas,  557  ; 
character  of  ore  in  chambers,  558 ;  theory  of  ore-formation,  559 ;  litigation  of 
the  Eureka  and  Richmond  Companies,  560 ;  criticisms  on  tlie  decision  of  the 
Court  based  on  the  use  of  the  terms  of  vein,  lode,  and  ledge,  560 ;  discussion 
with  Dr.  Eaymond  on  this  point,  561-563. 

Ore  dressing:  at  Clausthal,  470;  on  Lake  Superior,  298-312. 

Ore  dressing  and  smelting  in  mining  laboratory  of  the  Massachusetts  Institute  of 
Technology,  Boston,  512. 

Ore  dressing  by  water  and  air  compared,  415. 

Ore  Hill,  visit  to  the  Old  Salisbury  Mine,  17. 

Ore-pit,  drainage  of  a  flooded  ore-pit  at  Fine  Grove  Furnace,  Pa.,  174. 

Ore-stains  on  dolomite,  Eureka  mines,  369. 

Orford,  Quebec,  Canada,  nickel  ores,  209. 

Organization  of  the  copper  mines  on  Lake  Superior,  278. 

Orsat  apparatus,  used  for  the  analysis  of  blast-furnace  gases,  at  Cedar  Point  fur- 
nace, 169,  427. 

Osceola  copper  mine  and  mill.  Lake  Superior,  system  of  mining,  288  ;  water  pumped 
from  the  Lake  for  the  mill,  301 ;  mine  railroad,  301. 

Oxide  of  iron,  reduction  by  metallic  zinc,  508. 

Oxides  of  iron,  hydrated,  new  classification,  534. 

Pancake  coal.  Eastern  Nevada,  351. 

Paper  clay  in  New  Jersey,  182. 

Patents  for  mineral  lands,  383;  Acts  of  1866  and  1872,  384. 

Patricksville  Light  Claim,  Stanislaus  County,  California,  distribution  of  gold  in 

the  gravel,  34,  36  ;  tailings,  38,  39. 
Patterson,  Nevada,  silver  district,  345. 
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Pecopteris  in  Mesozoic  formation  in  North  Carolina,  2G1,  264. 

Pennsylvania  Coals,  analyses,  440-447. 

Pennsylvania  glacial  drift,  467. 

Pennsylvania,  Pine  Grove  Furnace,  drainage  of  a  flooded  ore-pit,  174. 

Percussion  drills  invented  in  1849,  549. 

Petersburg,  Va.,  Mesozoic  deposits,  229. 

Pewabic  copper  mill,  Lake  Superior,  301. 

Philadelphia,  Loiseau's  manufacture  of  artiticial  fuel  at  Port  Richmond,  214. 

Philadelphia  meeting,  February,  1878,  proceedings,  18. 

Phoenix  Company,  Eureka,  Nevada,  348,  352. 

Phoenix  copper  mine.  Lake  Superior,  mining  mass  copper,  282,  284,  285,  286 ;  tim- 
bering, 290 ;  use  of  step-car  for  entering  and  leaving  mine,  294. 

Phosphorus,  eflect  on  properties  of  wrought  iron  and  steel,  104,  116,  123. 

Pig  iron,  analysis  of  that  made  at  St.  Louis  furnaces,  Marseilles,  France,  193  ;  cost 
of  production  in  Mexico,  409. 

Pig  iron  high  in  silicon,  164;  causes,  166,  167;  composition  of  cinder,  168. 

Pine  Grove  Furnace,  Pa.,  drainage  of  a  flooded  ore-pit,  174. 

Pioche,  Nevada,  silver  district,  345. 

Pioneer  Flat,  hydraulic  mine,  Plumas  County,  California,  length  of  tunnel,  42. 

Pipe-clay  in  New  Jersey,  182. 

Pipe  vein,  origin  of  terra,  394;  limited  use,  394;  applied  to  accessory  deposits,  396; 
to  deposits  in  Eiclimond  Mine,  560 ;  inapplicability  to  mines  of  Eureka  dis- 
trict, Nevada,  378,  397. 

Pittsburgh  coal-bed,  analysis,  442,  446. 

Placer  mining  in  California,  28. 

Pomeroy  iron  works  at  West  Stockbridge,  visit  to,  17. 

Porphyry  of  Lake  Superior  copper  region,  276. 

Portage  Lake,  Lake  Superior,  coj^per  mines,  276,  277. 

Port  Richmond,  Philadelphia,  Loiseau's  manufacture  of  artificial  fuel,  214. 

Portsmouth  E.  I.,  anthracite,  225. 

Posepny  on  lead  deposits  of  Carinthia,  378,  381. 

Posedonia  in  Mesozoic  formation  in  Virginia,  264. 

Potomac  Mesozoic  deposits,  235. 

Potter's  clay  bed  at  Raritan,  N.  .J.,  ISO. 

Potts's  (ore)  Chamber,  Eureka,  Nevada,  368,  369,  370,  378,  391. 

Powder :  common  powder,  used  at  Freiberg,  Saxony,  547  ;  Hercules  powder,  used 
for  blasting,  on  Mariposa  estate,  155. 

Practical  work  in  mining  schools,  510. 

Proceedings  of  the  Wilkes-Barre  meeting.  May,  1877,  3 ;  of  the  Amenia  meeting, 
October,  1877,  10 ;  of  the  Philadelphia  meeting,  July,  1878,  18. 

Prospect  Mountain,  Eureka  district,  Nevada,  geology,  348,  352,  555 ;  mining  loca- 
tions, 348,  350. 

Prospect  Shaft,  Wilkes-Barre,  visit  to,  6. 

Psammites  in  Mesozoic  formation  in  Virginia,  241. 

Psephites  in  Mesozoic  formation  in  Virginia,  240. 

Puddling  in  Mexico,  411. 

Pulverized  zinc  and  its  uses  in  analytical  chemistry,  Deown,  508 ;  pulverization,  508 ; 
used  for  direct  reduction  of  iron  in  ores,  509 ;  for  reduction  of  ferric  to  fer- 
rous oxide  in  solution,  509. 

Pulverizing  analytical  samples,  an  edgestone  crusher,  518. 
VOL.  VI. — 38 


582  INDEX. 

Pyrite  in  Mesozoic  formation,  in  Virginia,  244,  274. 

Pyroligneous  acid  from  wood  distillation,  200,  202. 

Pyroxene,  analysis  of  variety  accompanying  nickel  ores  at  Orford,  Canada,  211. 

Pyrrhotite,  rational  formula,  538. 

Quartzite  of  Eureka  district,  Nevada,  353,  372, 555 ;  relation  to  the  ore-bodies,  367, 369. 

Quicksilver  in  the  sluices  and  ripples  in  hydraulic  mining,  48 ;  loss  of,  49. 

Quincy  copper  mine  and  mill.  Lake  Superior,  cost  of  mining,  293 ;  percentage  of 
rock  sent  to  mill,  300 ;  water  pumped  from  lake  to  mill,  301 ;  table  of  oper- 
ations for  eight  years,  310. 

Kails,  iron,  cost  in  England  in  1866,  524. 

Randolph,  John  C.  F.     The  new  works  at  Clausthal  for  dressing  ores,  470. 

Raritan,  N.  J.,  potter's  clay  bed  and  fire-clay  bed,  180. 

Rational  formulae  for  minerals,  532. 

Raymond,  R.  W.  Manganese  pig,  192  ;  The  Eureka- Richmond  case,  371 ;  What  is  a 
pipe  vein  ?  393 ;  The  BothschUnberger  Stollen,  542 ;  remarks  on  the  use  of  red 
charcoal  and  on  forestry,  205. 

Red  Bird  Claim,  Eureka  district,  Nevada,  557. 

Red  charcoal,  economy  effected  by  its  use,  199 ;  its  use  in  the  blast  furnace,  203, 
205,  206  ;  method  of  manufacture,  205. 

Reduction  of  iron  by  rolling,  effect  on  strength  and  welding,  117,  119,  124. 

Reese  River  or  Austin,  silver  district,  Nevada,  344,  352 ;  mining  laws,  349. 

Regenerative  furnaces  at  the  Edgar  Thomson  Steel  Works,  cost,  523. 

Report  of  Council,  3. 

Report  of  secretary  and  treasurer,  3,  24. 

Report  on  a  standard  wire  gauge,  500. 

Resolutions  of  thanks,  9,  15,  22. 

Resolutions  of  the  Council,  13. 

Besults  of  analyses  of  blastfurnace  gases,  Colton,  427 ;  efficacy  of  the  Orsat  appa- 
ratus, 427  ;  blowing  out  with  lime,  428. 

Revollier-Bietrix  machine  for  artificial  fuel,  215. 

Rhode  Island,  iron  ore  and  anthracite  coal,  224  ;  early  manufiicture  of  iron,  227. 

Richards,  Robert  H.  Jet  pumps  for  chemical  and  physical  laboratories,  492 ;  A 
mining  laboratory,  510;  An  edgestone  crusher  for  analyticcd  samples,  518. 

Richmond,  Massachusetts,  visit  to  Richmond  Iron  Company's  Works,  17  ;  enter- 
tainment, 17. 

Richmond  Mine,  Eureka,  Nevada,  bones  of  animals  found  in  chambers,  559 ; 
geology,  352 ;  fissures  in  limestone,  359  ;  yield  of  ore,  554. 

Richmond  Mining  Company  of  Nevada,  348,  349  ;  suit  against  the  Eureka  Consoli- 
dated Mining  Company,  371,  560. 

Richmond,  Virginia.,  coal  basin,  extent,  importance,  and  production,  230,  266-272, 
274 ;  slow  development,  274. 

Ripples  in  hydraulic  mining,  47. 

Rittinger's  spitzkasten  at  Clausthal,  483. 

Rittinger's  stausatz  at  Clausthal,  479. 

Rock-breakers  used  at  Clausthal,  478. 

Rock  decay,  188,  469. 

Rock  drills  used  in  copper  mining  on  Lake  Superior,  289,  290,  291 ;  used  on  Mari- 
posa Estate,  California,  154;  at  Freiberg,  Saxony,  546,  549. 
Rogers,  H.  D.     Classification  of  coals,  432,  447. 
Rogers,  W.  B.     Geological  Survey  of  Virginia,  228,  251. 
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KoLKER,  Charles  M.     The  late  operalwns  oit,  the  3Iariposa  estate,  145. 

Kolls,  crusliing,  used  in  ore-dressing  works  at  Clausthal,  478. 

Kothkohle,  production,  201,  207. 

Rothschonbergcr  StoUen,  Eaymoxd,  542 ;  celebration  of  its  completion,  542  ;  inception 
of  the  work,  543 ;  description  of  the  work,  with  tabular  statements  of  progress 
and  cost,  543-550 ;  presence  of  water  at  great  depths,  544 ;  deterioration  of 
workmen,  545 ;  paternal  policy  of  government,  545 ;  modern  explosives  and 
machine  drUls,  546  ;  usefulness  of  deep  tunnels,  550. 

Kough  coal,  432. 

Euby  Hill,  Eureka,  Nevada,  discoveries  of  silver  ore,  348 ;  geology,  352,  372,  556 ; 
mining  claims,  349 ;  theory  of  the  formation  of  the  argentiferous  lead  deposit, 
372,  559  ;  trilobites  in  limestone,  352,  555. 

Kules,  amendments,  8  ;  proposed  amendments,  23. 

Rush  Lake,  Eastern  Nevada,  enlarged  area,  346. 

Russia,  yields  of  gold  fields  in  1874,  97. 

Sacramento,  Nevada,  silver  district,  345. 

Saint  Louis  furnaces,  near  Marseilles,  France,  manufacture  of  ferromanganese  or 
manganese  pig,  192,  452. 

Sagger  clay  in  New  Jersey,  186. 

Salisbury,  Connecticut,  iron  mines  and  works,  Holley,  220  ;  Old  Hill  bed,  220 ;  Davis 
ore  bed,  220 ;  Cliatfield  ore  bed,  221  ;  early  history  of  mining  and  iron  making, 
221 ;  present  condition,  223 ;  activity  during  Revolutionary  war,  222. 

Salisbury,  Connecticut,  iron  district,  historical  sketch,  10;  superior  quality  of  iron, 
223;  visit  to,  17. 

Salt :  deposit  at  Goderich,  Canada,  131 ;  methods  of  extraction  compared,  125 ; 
statistics  of  production  and  consumption  in  diflerent  countries,  127. 

Salt  Lake,  Utah,  less  salt  than  formerly,  346. 

Salt  Mine  at  Goderich,  Canada,  125 ;  geological  section,  132 ;  projected  plant  for 
mine,  138. 

Sand  jigs  used  at  Clausthal,  488. 

Sandstones  in  Mesozoic  formation  in  Virginia,  240,  251,  252,  253,  255 ;  as  building- 
stone,  273. 

Saurians  in  Mesozoic  formation  in  Virginia,  253,  261,  264,  265. 

Sauvage,  contributions  to  charcoal-making,  201,  207. 

Sava  and  Jauerburg  works,  Carniola,  manufacture  of  ferromanganese  in  the  blast 
furnace,  451. 

Saxony,  the  Rothschonberger  Stollen  at  Freiberg,  description  of  tlie  woi-ks,  with 
tabular  statements  of  progress,  cost,  etc.,  542. 

Schizoneura,  in  Mesozoic  formation  in  Virginia,  264,  265. 

Schysshytan  works,  Sweden,  manufacture  of  spiegeleisen,  451. 

Secretary's  and  Treasurer's  statement,  24. 

Sections  of  Cedar  Point  furnace  after  blowing  out,  170. 

Semi-anthracite  and  semi-bituminous  coals,  433,  438,  439,  449,  450. 

Semi-anthracite  in  Mesozoic  formation  in  Virginia,  244. 

Sentinal  claim.  Eastern  Nevada,  348. 

Shaft  sinking  in  water-bearing  rocks  at  Goderich,  Canada,  139. 

Sheet  copper  in  Lake  Superior  mines,  278. 

Shoo  Fly  claim,  Eirreka  district,  Nevada,  252. 

Siemens,  Dr.,  analysis  of  his  statement  concerning  conducting  power  by  electricity, 
452. 
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Siemens-Cowper-Cochrane  fire-brick  stoves,  465. 

Silicon,  efl'ect  on  properties  of  wrought  iron  and  steel,  107,  123. 

Silicized  pig-iron,  164;  circumstances  favoring  its  production,  166,  167;  composi- 
tion of  accompanying  cinder,  168. 

Silver  Hill,  Eastern  Nevada,  351. 

Silver-lead  ores  of  Eureka  district,  Nevada,  365,  376,  557,  558. 

Sizing-drums  at  Clausthal,  480. 

Skip  at  Lake  Superior  copper  mines,  295. 

Slag,  effect  on  properties  of  wrought  iron,  111,  117. 

Slate  or  splint  coal,  properties,  431,  432. 

Slates  and  shales  in  Mesozoic  formation  in  Virginia,  242,  253,  254,  255 ;  of  Eureka 
district,  Nevada,  360,  372,  555. 

Smartsville  district,  Cal.,  tunnels  for  hydraulic  mining,  42.     • 

Smelting  ores  in  tlie  mining  laboratory  of  the  Massachusetts  Institute  of  Technology, 
Boston,  512. 

Smock,  John  C.  The  fire-clays  and  associated  plastic  clays,  kaolins,  feldspars,  and  fire- 
sands  of  New  Jersey,  177. 

Smoky  Valley,  Eureka  district,  Nevada,  352. 

Smuggler  mine,  Colorado,  analysis  of  tellurium  minerals,  507. 

Sorting  and  picking  rocks  at  Lake  Superior  copper  mines,  294;  cost  at  Allouez 
mine,  299. 

Southern  limit  of  the  last  glacial  drift  across  New  Jersey  and  the  adjacent  part  of  Ne^v 
York  and  Pennsylvania,  Cook,  467  ;  boundary  line  traced,  468  ;  decay  of  i-ocks 
south  of  this  limit,  469. 

Sphcerites  in  Mesozoic  formation  in  Virginia,  265. 

Sphterosiderite  in  Mesozoic  formation  in  Virginia,  244,  245,  252. 

Spiegeleisen ;  manufecture  in  Austria,  451 ;  in  France,  192,  452 ;  in  Sweden,  451  ; 
melting  for  Bessemer  process,  194. 

Splint  coal,  properties,  431,  432. 

Springfield,  Va.,  Mesozoic  deposits,  230. 

Springfield  Valley,  Eureka  district,  Nevada,  352. 

Spitzkasten,  Kittinger's,  at  Clausthal,  483. 

Square  mining  locations  in  Eureka  district,  Nevada,  349.     , 

Stairs  in  Lake  Superior  copper  mines,  294. 

Stamps  for  dressing  ores  at  Clausthal,  479. 

Stamp  mill  expenses  at  Lake  Superior  copper  mines,  303-305. 

Stamp-work  copper  from  Lake  Superior  mines,  278. 

Standard  wire  gauge,  report  on,  500. 

Statement  of  Secretary  and  Treasurer,  24. 

Stausatz,  Rittinger's,  at  Clausthal,  479. 

Steam  coal,  432. 

Steptoe  Valley,  Eastern  Nevada,  primal  granites,  345. 

Stollen,  Rothschonberger,  of  the  Freiberg  mines,  542. 

Stone  coal,  431,  432. 

Stone-ware  clay  of  New  Jersey,  185. 

Storage  reservoirs  for  hydraulic  mining,  75. 

Strength  of  ivrought  iron  as  affected  by  its  composition,  and  by  its  reduction  in  rolling, 
IToLLEY,  discussion  of  results  obtained  by  the  United  States  Test  Board  in  ex- 
periments on  fourteen  brands  of  wrought  iron  of  high  repute,  101 ;  analyses,  102  ; 
physical  tests,  103;  eiiects  of  phosphorus,  104  ;  of  silicon,  107  ;  of  carbon,  108  ; 
of  manganese,  110;  of  copper,  110;  of  nickel.  111  ;  of  cobalt,  111;  of  sulphur, 
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111 ;  of  slag,  111 ;  theory  of  welding,  112 ;  effect  of  silicon,  116  ;  of  phosphorus, 
116  ;  of  carbon,  116 ;  of  slag,  117  ;  effects  of  reduction  from  pile  to  bar,  on 
strength,  117;.  on  welding,  119;  what  is  learned  from  chemical  analyses,  120; 
conclusions,  123. 

Sulphur  balls  in  calcareous  slates  in  Mesozoic  formation  in  Virginia,  254. 

Sulphur,  effect  on  properties  of  wrought  iron.  111,  115. 

Sutro  Tunnel,  water,  544 ;  progress,  546 ;  length,  550. 

Swinging  claims,  385.  . 

Sylvanite  from  Boulder  County,  Colorado,  analysis,  507. 

Tacotes  iron  ore  mine,  Mexico,  406. 

T<E)iopteris  in  Mesozoic  formation  in  Virginia,  254,  261,  264,  265. 

Taunton  Copper  Compauy,  use  of  Massachusetts  anthracite,  225. 

Taylorsville,  Virginia,  Mesozoic  deposits,  229. 

Technical  education,  practical  work  in  mining  laboratory  of  Massachusetts  Institute 
of  Technology,  Boston,  510. 

Tellurium  minerals  from  Colorado,  analyses,  506. 

Terracotta  clay  in  New  Jei-sey,  186,  187. 

Test  Board,  results  of  experiments  on  strength  of  wrought  iron,  101. 

Tetragonolepsis  in  Mesozoic  formation  in  Virginia,  254,  255,  261,  264,  265,  266. 

Timbering  in  Lake  Superior  copper  mines,  289. 

Tiptop  claim.  Eureka  district,  Nevada,  352. 

Titanium,  presence  in  New  Jersey  clays,  189  ;  general  distribution  in  Archaean  rocks 
of  the  Highlands  of  New  Jersey,  189 ;  presence  in  magnetite  from  Church  mine, 
189 ;  in  clay  slates  of  York,  Adams,  and  Lancaster  counties,  Pennsylvania,  190. 

Tracings,  copying  by  the  "  blue  "  process,  197. 

Trap  dikes  in  Mesozoic  formation,  244,  250,  262-264. 

Treasurer's  and  Secretary's  statement,  24. 

Trilobites  (Silurian  and  Devonian)  in  Eureka  limestones,  352,  555. 

Tula  district,  Mexico,  iron  ores,  404 ;  iron  works,  398. 

Tunneling,  Eothschonberger  adit,  542  ;  use  of  machine  drills  at  Freiberg,  546  ;  Su- 
tro Tunnel,  progress,  etc.,  546,  550. 

Tunnels  in  hydraulic  raining,  their  location  and  construction,  41,  43. 

Tuolumne  River,  filling  up  of  channel  from  hydraulic  washings,  39. 

Turgite  and  other  hydrated  iron  oxides,  new  classification,  536,  542. 

Tuscarora,  Nevada,  silver  district,  344. 

Unionville,  Nevada,  silver  district,  344. 

United  States  mineral  land  patents,  383 ;  Acts  of  1866  and  1872,  384. 

United  States  Test  Board,  result  of  experiments  on  the  strength  of  wrought 
iron,  101. 

Upper  calciferous  group  in  Mesozoic  formation  in  Virginia,  255,  259,  260. 

Upper  sandstone  group  in  Mesozoic  formation  in  Virginia,  255,  260. 

Use  of  red  charcoal  in  the  bla.tt  furnace,  Kent  ;  quotation  of  authors  on  the  manufac- 
ture and  use  of  red  charcoal,  207,  208 ;  its  use  considered  analogous  to  raw 
coal  and  unfavorable  to  economical  furnace  practice,  208. 

Van  Deuzenville  furnace,  Massachusetts,  visit  to,  17. 

Valton  F.     Note  on  the  manufacture  of  ferromanganese  in  the  blast  furnace,  451. 

Vein  limestone  (dolomitic)  of  the  Eureka  district,  Nevada,  352,  354,  356,  372,  555 ; 

analyses,  355  ;  caverns  in,  357  ;  fissure  planes,  358 ;  width,  359 ;  microscopical 

analyses,  362. 
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Vein,  lode  and  ledge  of  ore,  use  and  meaning  of  terms,  370,  380,  381,  383,  560-563. 
Virginia,  Mesozoic  formation,  227 ;  geological  survey,  228,  251. 
Virginia  City,  Eastern  Nevada,  346. 

Walker's  Lake,  Eastern  Nevada,  enlarged  area,  346. 

Ware-clay  in  New  Jersey,  182. 

Washing  gold,  records  of,  36. 

Wassaic,  New  York,  visit  to  furnace  and  condensed-milk  works,  16. 

Water  as  a  medium  for  ore-dressing  compared  with  air,  415. 

Water  at  great  depths  in  mines,  544. 

Water,  measurement,  miner's  inch,  58. 

Waterproofing  Loiseau's  artificial  fuel,  219. 

Waynesburg,  Pa.,  coal-bed,  analyses,  440,  441. 

Weed  ore-bed,  at  Boston  Corners,  visit  to,  16. 

Welding  capacity  of  wrought  iron,  theory,  112;  affected  by  phosphorus,  silicon, 
carbon,  copper,  etc.,  104,  112. 

West  Stockbridge,  Mass.,  visit  to  Pomeroy  iron  works,  17. 

What  is  a  pipe  vein  f  Raymond,  393 ;  origin  of  term,  394 ;  its  limited  use,  394 ; 
applied  to  acces.sory  deposits,  396  ;  Dr.  Foster  on  Cornish  tin  mines,  396 ;  re- 
vival of  the  term,  397. 

White  Pine,  Nevada,  silver  district,  345,  350. 

Wilkes-Barre  Meeting,  May,  1877,  proceedings,  3 ;  excursions,  5,  6. 

Winchester  drill  used  in  copper  mines  on  Lake  Superior,  290. 

Wire  gauge,  report  on  a  standard  wire  gauge,  500. 

Wire  cables,  injured  by  coal  tar  at  Lake  Superior  copper  mines,  297. 

WiTHEBBEE,  T.  F.  Fluxiug  silicious  iron  ores,  163;  ^  new  method  of  taking  blastfur- 
nace sections,  170. 

Wood,  processes  of  charring  compared,  200 ;  distillation  in  kilns  and  retorts,  200, 
203,  205 ;  economic  utilization,  200 ;  consumption  for  iron  manufacture,  203, 
204. 

Wood  and  charcoal  in  Mexico,  409. 

Workmen,  decrease  of  efficiency  at  Freiberg,  545 ;  effect  of  paternal  government, 
545  ;  Italian  miners,  547. 

Work  performed  in  heating  the  blast,  313. 

Wrought  iron,  its  strength  as  affected  by  composition  and  by  its  reduction  in  rolling, 
101 ;  Mexican  test,  101. 

Wrought  iron  pipes  in  hydraulic  mining,  66 ;  one  of  18  inches  made  to  supply  San 
Francisco  with  water,  69 ;  details  of  construction,  70 ;  siphons  for  Cherokee 
gravel  mines,  71,  72  ;  pressure-box,  73 ;  distributing-gates  and  air-valves,  73. 

Wulfenite  in  Eureka,  Nevada,  mines,  559. 

Xanthosiderite  and  other  hydrated  iron  oxides,  new  classification,  536,  541. 

Zamites  in  Mcsozoic  formation  in  Virginia,  264. 

Zinc,  use  of  pulverized  zinc  in  analytical  chemistry,  508. 
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le.  1 8.  Stable. 

19.  Claus.  Stamps  No.  10. 

20.  Zellerfeld  "     No.  4. 

21.  Smithy. 

22.  Slope. 


a.  Shaft. 

b.  Hoisting  Engine. 

c.  Boiler  House. 

d.  Chimney. 

e.  Coal  Bins. 

/.   Winding  Drums. 


Engine  for  Stone  Breaker  House. 
Stone  Breaker  House. 
Picking  House — smalls. 

"  "     — broken  stuff. 

1st  Slope. 
.   2d    " 


THE   NE\A/-   ORE   DRESSING    WORKS   AT   CLAUSTHAL. 
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Figs.  22,  23,  24 — Coaree  Jigs  for  Stuff 
between  17.78°^  and  4.22'"". 

Figs.  25,  26,  27— Single-Sieved  Sand  Jigs 
for  Stuff  under  l". 

Figs.  31,  32,  33— Fine  Jigs  for  Stuff  be- 
tween 4.22™  and  2.37"". 

Figs-  34,  35.  36— Sand  Jigs  for  Stuff  be- 
tween 2.37™  and  1-". 

Figs.  41,  42,  43— Four-Sieved  Blende  Jigs. 
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